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The computer hat been used as a learning device for more
than a decade, Much use has been experimental, small scale at a
fow Institutlons, Now we are bOgiﬁnInq to see more widespread
uge of computers: ali indications are that this rate of increase
w11 continue for a long time.‘

One important n~w featuce fs the beginning of commerclal
matketing of conpiter based learning material, M wide range of
companies 15 enterlng the [ray--textbook publishers, other
publishers, computer vendors, and new companies developed just
for thig marketing task, Much of the material marketed Is of
poor quality, hased perhaps on the assumption that when so little
material 15 avallable, almost anything will sell,

Almost all modules marketed for the computer are "tldbits,”
small bits fitting into coutses driven primarily by traditional
Iearning modes: lectures and texthooks, The computer units
prevalent 80 far assume such convent!cual courses, At the
experinental level, lowever, we find much more extensive
curriculum with the computer playing an Important role in the
structure of the course,

Hhen a new learning mode appears the initial tendency is to

uge coutse structures already successful with earlier learning

modes, This 1a the nalve inltial assumption of 3 successful
developer of curriculum material within older leatning modes such
a8 books and films. But am experlence Increases, along with
understanding of the leatning capebllities of the tomputer, now

rall organlzational gty “urer courges emerge thot were
not possible without compute,. 5 paper delineates
orcanizational modes for computer based courses.

Implicit behind my discussion {s the idea that computers can
be very effective learning devices, particularly in large
classes, I wlll not explore the cffectiveness of computers In
this paper; the reader should consult other sources.!

Fleat, T consider general aspects of coutses, some concerned

with learner control and one with a variety of approaches, Then

. I describe course organizations made boss{bly by computers,

Content_Cholces

Most existing courses {n every medla ssgume instructor

~ conttolled content, where the instructor determines everything to

be iéainéd: gtudents have 1ittle choice. Cemputers, from

earliest days, have allowed Eourues where students enjoy
"t i1ty in content, For example, the beginning physics
at Trvine depending heavlly on the computer, has allowed,
Lerent variants of the course, - two to six geparate
tracks through the ten weeks of the quarter. Two sets of
material are available. The tracks in versions offeriﬂé more

cholce are built from combina*fons of these materlals. In each

cage a flxed get of student materials was available, but the
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toples of the dif{erent tracks differed significantly, as evinced
by the differsnt tests used with.the two sets of materials.?

we could carty this further and allow still greater yser
control of content. Some of the staunch supporters believe that
this is how LOGO should be used. At least in soma cases LOGO
devotees seem to objoct to the idea ﬁhat any flxed curriculun
should exist at all; rather they sugyest that users should maxe
all the choices of what to do next. 1 do not helieve, however,
that such completely free student content choice has ever
occurred {n school cnvironments, except on a very small scale,

So we might thint of learner control of content as a
spectrun, starting vith the usual courses with no control and
moving through a aniety of situations with more anc iore control
on the part of learners. We could arque philosophically for
various positions in the spectrum, but we will not, As with many
of tﬁe {ssues raised in this paper, we need more experience and
empirical information before we van make rgasonable assertions,
Pace

Aother degrec of learner control concetns the péce of the
coutse, the rate or speed at which students move through tha
topics of the coutse, Most traditional pre-computer coutses
offer Little choice: the timinq of lectures and dates of
assignments and exams, establish a fixed Instructor-deternined
pace. A student who tries a slower pace {s penalized by the
grading éystem,‘and no incentive encourages a faster pace,

A computer based course or currleulun can allow learner

'

[

control over pacing. The rate of learning can thus He different
for different Students. For example, a student whose
mathenatical background {s Indequate for a topic {n chemistry can
take the time to Improve and then can return to chemistry. Or if
students are a-.ready familiar with a toplc,'they can move through
it quickly.

A possible psychological difficulty with learner control
over pace 1s procrastination, It is concelvable that some
students told to movc at thelr own pace will do nothing! Whether
this 15 a problem or not may depend on other factors in such
courses,

Ocder of Topics

Just ag the usual courses offer learnets no choice {n
content oy pace, so these typlcal courses usually offer learr 5
no choice either in the order to approach topics. Again the
fixed order is determined by developers or by instructors,
Indeed, the behavioral approach to imxtructional design often
seens to Imply that this Elxéd-érdér gf tobics {5 essential, with
the behavioral emphasis on developing a sequential set of
behavioral objectives.

But some approaches violate this Elxed order and allow
students to have some measure of control, gerhaps eyen complete
control, over the ordering of the topics. Gordon Pask champions
this point of view, arquing that the best learners do not
approach the learning task llnearly, but rather typically study

simultaneously several components of the subject area.
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Jnstructors often believe strongly that students cannot or should
not study Topic B until they have sludled Toplc A, so thelr
Impliclt view s the linear view just discussed, But this 1s not
necegsar {1y the cﬁso for all students. So learner control of
topies 15 agaln a spectrum, varylng from no control to complete
control, |
Hays of Learning

Another possibility may be observed in curriculum
'developmonts employing the magtery learning ideas, with or
without computers. The question is; for a glven toplc, how many
@uys do students have for learnlng that toplc? Often only one
approach g eanily availabler the textbook presents one way of
learning the materlal, and the lecture, while using a different
» - mode, often follows closely the textbook approach. So we have
with textbook and lecture a dlfcerence in medlrm, but not a
difference !n approach; students have in most sltuations only one

window into the toplc being learned, A student studylng alone,

usiﬁq 3 boék. s e;on nore restricted,

In the-ébntrastlnq situation any one topic or concept
beneflts Erom a "supormatket” of ways for leatning, employing
dlfferent media and different approaches to the toplc. Perhaps
some structuted way exlsts to gather the products students need
{n the supermarket of learning approaches, or perhaps it is left

entirely to the student, Like all supermatkets, it can be

relatlvely sparse or tich with many learning products.

What is the advantage of supetmatket approaches? Benjamin

Blun and other supporters of magtery learning {dean suggest that
difforent students can best iearn In different ways, That ls, an
approach which works well wlth one student will not necessarlly
vtk with another student, The clalm goes further: For every
student gome way exiats to learn the toplc effectively and In
teasonable time, Even further, some Indlviduals would arque that
{f someone falls to do well In learning something, that pecson
did not have the "correct* learning sequence avallable. The
{nplication, then, is that students £all only because these
stufents lack adequate curriculum material. This hypothesis
needs to consider motivational lssues, too--it g dlfficult for

anyone to learn who |3 dead get against {t!

The four factors dlscussed in the last three sections, flxed
content versus learner controlled content, £lxed pace vérsus
varlable pace, fixed order versus learnet controlled order, and
aingle versug multiple ways to learn, can apply in a variety of
courge ordering structures. 1In most learning situations today,
the cholces are (see Flgure 1) for the small end left of each
gpectrum; 1ittle learner choice is offered, On the othet hand,
cholces with too much freedom may be impractical for many |
leatners,

Readers should consider each of them In the light of the
next major sectlon of the paper, which considers ways of

organizing courses,
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Course Organizations for Computer Based Courses

1. Traditional Course with Computers

The Elrst mode of organization is, by far, most prevalent
when computers are used today. The orqanizatioﬁ\of the course i5
like most non~computer courses, with the saﬁe fixed sequence of
topics and with a fixed pace for all students. The computer
serves an important part of the instructional process, but the
organization of the course remains traditional.

The computer may replace or augment the book or the lecture.
In either case the computer material will, {f well designed, be
much more interactive thanm the book o the lecture, The computer
is sinply replacing one or more of the learning modes of a

traditionar course, with the rest of the course structure

':emaining intact, Courses of this kind ace flxed content, fixed

order courses, with no learner control, llmited in the variety of
learning modes and approaches offered to students, Testing

oceurs Infrequently at periods of wecks,

. ~ . L Lo ,__\
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2. FKeller Plan Course with Computer




In thls second structure'for course organization we see the
computer wlth a course structute popular on a small scale without
computers. This structure Is called the personallzed system of
Instruction, the Reller plaﬂ; or the magtery learning dpproach.

The baslc structure of the Keller plan breaks the courée
down Into units, typlcally requlring about one week of study for
an average student. For each unit the course descrlptlon‘
Indlcates what the unit covers, what learnlng resources are
availabie, and perhaps contalns a sample test, Students study
the unit using avallable learning resources; the cholcg of
rescurces may be left to the student, but many course; of this

“type stress the book as the principal 1earnln§ medlum, When

ready students take a test covering the unit. The test is graded

Immediately, and the student receives feedback about difficulties .

without delay. To continue to the next unit, étudents must
perform almost perfectly on the unit testt otherwise additional
) stud} Is suggested before another version of the test s given,
In some cases additlonal study s required, Grades are a3siqned
on the hasls of competency rather than oa a normatlve or
compat lson basls,

The course 15 usually student paced, students having partlal
or total conttol over how fast they traverse the materfal,

However, In most Keller plan courses students must face the end

of some deslgnated t(me period (quarter, semester), We can find :

many varlants to this structure, and experts might disagree as to

which were "really” Keller plaa or P31 courses.

-9
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A computer-dependent Keller plan course can use the computer
In elther one of two wa;3, or in bQLh. The computer can be used
In Instructional mode, accessed by students to learn the toplcs’
of the unit, Computer material le always available, unlike
{ectures, alloving the course to be more self-paceds Thia
learning role of the computer i Like that lnvipadltionally
organized courses; the same material may serve in both, just as
the same book may serve both traditional and Reller plah courses,

The o;her way to use the computet in’Keller plan courses 1s
for the unit tests, These test. e fundamental In the course,
telling both students and Instructor when the student has
mastered & unit, This testing function can be partlally ot
entirely on computer.

| 1 will not give a Euli description of computer based
testing,d but readers should understand that. such testing can be
ver§ versatile, The problems can-be‘éelectgd from pools of {tems
or, often better, from sophlsticated proglem generators which

produce a widely varylng collection of problens of a glveh f?pe. '

Tegts can be devised 80 no test ls ever glven twice under any(

clrcumstances.

Inmediate feedback on cortectness can be offered, We can
also provide slgniflcugt ald to students, ald very much tallored
to students' own expliéitly manifested problems. o
The Introductory pre-calculus math coutae at the University

of Callfornla, Irvine, developed by Stephen Franklin, uses on-

. ne teéts without built-in ald. It assumes that Instructors or

~10- !
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tutors will provide this ald, On the other hand, the tests In
the Introductory physics course at Irvine Incorporate extensive

buflt-1n ald,

Unit
R ]
( Learning ,’Unif\\gfm Passed
JEROUrCes /= test. e
R (Mastery bnsed)

T
Next unlt)

Not
' ;7 Passed

A

Figure 3 - PSI Structure

3. Test Driven Keller Plan Course

the notfon that computer based tests can contain a component

of learning as well a5 testing, suggests a variant in the usual

Keller plan format. The notion s to abandon much or all of the

preliminary learning material of each unit and focus learning
primarily within the tests themselves,

Athough teachers conmonly tell thelr students that tests
are a learning experience, students seldom believe 1t. But
evaluative studies of our Introductory physics course indlcate
that 80 to 90 percent of the students ldentify the tests as the
major source of Inaining materfal of the course. Other learning

matetial may be available, such as a text and lectures, n such a

'

course structure, hut the burden of learning has shifted; much of

-1 -

the learning takes place during testing, One varlanf of this
{dea, exploited by Kenneth Bowles at the University of
California, San Diego, in his Paseal course, alluws students
access to the tests as learning sequences before they take them
28 tests,

With this method we are approaching an organization not
pogajble without the computer. Tests combining learning are
practical In large classes only if they are available on the
computer. We will see other examples of courses demanding the
compnter in some, but not all; 0f the later organizational

structures dlscussed.

\
\\
Uniz\\\
e Testing
::2;3::% vith Passod .
learning > Next

{optional)

Not
passod

Figure 4 - Test-driven Keller Plan

4. Learning Cycle

Another method of organizing cutriculun development, with

Unft
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distinct featuren qolng beyond those already discussed, has been
ptoposed by Robert Rarplus, Univeraity oflca‘lfornla, Berkeley,
This method 18 derlved from Karplus's study of Jean Plaget's
work,

The learning cycle approach emphasizes a notlon seldom
stressed in conventlonal courses; an experiential basis is an
Important component of the learning process. The inportaice of
experience relevant to later learning la recognized with young
childres, with the use of manipulatables in teaching mathematics,
but plays a lesser role {n more advanced courses. A typiral
unlversity coﬁrse does not even attempt to provide any such
exper{entlal basls, notwlthstanding this being our best hope for
developing students’ intultive grasp of the gubject atea,
Developing students' insight {8 just as Important as develéblng
.ab{llty to do the eseential tasks.

Karplua' concept of the learning cycle ipvolves three
éomponunts, the Elrst belng the experlential component, the
second a mote Eormal learning component. The aim of the third
component 18 to see whethe: students can use what they have
learned,

Computers can play a role In all or some of these
actlvities, Thus, [n many dlsclplines computers can futnish, by
Means of computer simulatlons, the experfential £iret component
of Katplus' learning cycle. These computer baged slmulations
provide students a varlety of experlences, either slmulating

bhenOmena In the real world or creating phenomena that could

-1 -

never be found {n the world, ﬁlthln the Bducational Technology
Center we call such activities "controllable worlds," The term
"nlcro worlds" s also uysed. FPor exanple, for the beglnning
physics course at Irvine, mentloned here, ve have avallable an
F = ma Newtonlan world) students can "throw” bodles and watch how
they behave under the action of varlous force laws, All aspects
of initial conditions, Force lavs, constants In the Force lavs,
seale of plotting, what variables are plotted, or combinations of
variables, are completely undet atudents’ control,d

Computets can also function In other components of leatning,
The entire learnlnd cycle can be comppter based, for each unit of
8 course, As an example, we could conslder materials developed
at the Educational Technology Center which follow such an
organizational schenc. One project concerned public
underatanding of sclence, stresalng the nature of a theory, how
theorles are discovered, and related ftems, Another project
focused upon helping students to reason formally, in the Plaget
fense. Bach product has an organlzational structure similar to
the learning cycle, beginning with an experfential basls, The

varlous modules developed In these projects are discugsed In

il

fuller detall In the 1lterature.’

Unit or Bubunit

il -
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Exparience_____ Loarning }—— cgflon
e’

S ¢ P

Filgure 5 - The Learning Cycle
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5, Complete Mastery Learning Cycle

The organizatlonal schemé suggested in this gect ion combines

the features of the last three schenes mentioned, It employs

“"C?_)(—\' LQC\(V‘\}S

something akin to Rarpius' learning cycle, particularly with its

gnphasis on the experientlal basls, It also Incorporates the

o

nastery learning ideas of pSI or Keller plan courses, requiring
students to learn a topic almost perfectly before leaving the

naterial, The computet is sultable for all parts. Self-pacing

{s typical, and {t i easy to allow alternate contents, hgaln,

the type of organizat lonal structure that would be possible, wi'n

be
D

Lo
)

é;?

conputer sinulation and mastery based testing, would only be

pos¢ {ble with computer nodes of organizing courses.

v
L=

Recently the armed forces have discussed a mode of course
organization called functional context training, which starts
with the abpllcctlon, perhaps simulated on the computer and then

ghifts into learning’ sequences depending on students’

Model —

diftlculties {n the application. “his procedure closely relates

Figure 6 -

o \
1-0 Q+:%£ |
| 01Ty —
to the complete mast>ry learning cyele, particularly {f the /\ n <+
nitial activities are sinulated os the computer. '
Very few courses follow the compete mastery learning cycle.

But the promige of such courses {s congidetable, This approach

il — - — —

desetves extensive further study.
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6, Student Orqanizrd Courses

but: not for the convenience of students. Hith computers we can

This possibillty, alteady suggested In connection with use
envigion learning as a continulng process, witbout our current

of LOGO, provides students a very effective set of tools on
P . ! - artificial divislons and restrictions.

computers for the lnarning proceés, Including simulations and
vages, Student: (rtually complete, or mostl
lanquage ents are allowed v y complete, Y References

lete, cholce as to whick of thess tools they use and hov the | ‘
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Basic Mathematics in Colleges and Universlties =
Computers as a Solution

Alfred Bork
Educational Technology Center
University of california
Itvine, California 92717
(T14) 833-7452
June ‘2, 1963
Students at every level of education enter with a variety of

knowledge derived from previous courses and other modes.

Typically universities are very poor In dealing with this

situation of heterogeneous background, Furthermore, just looking

at transcripts offers no clues, Mathematics books are
particula ly important because both math and science courses
depend on them, Many universities require examinations for
entrance into such <ourses as calculus and have courses prepéred
for students below that level, The problems of students are

- geldon those that can be handled vell In a *whole renedial
course" procedure, EHach student has unique needs depending on
that student's backgrouné. While in universities we give lip
‘service to treating students indlvidually, very little of this
happens {n our classes,

As a result, during the past few years we have had "iner
universities” arise within many universities, This innet
university is called a "learning resource center" or gome simllar
name. It is a court of last refuge for students {n trouble in
their courses. The existence of learning resource centers {5 a
strong condemnation of our traditlonal courses. If we were doing

ourljob fully, such centers need not exist,

-]1-

1 willlargue that a ﬁiear way of dealing wlth‘this situation
exista which, 1f carried out nationally, could solve tqs problen
alnost sinultaneously and at a reasonable cost through the entire
country. I refer to the development of flexible, highly
{nteractive, graphlc conputer baged learning modules to cover
tMummﬂMmm.MMmMHMMwm&
students strictly on their own, or {t could he available in
learning resource centers.

In those universities moving towafd requiring all students
to‘have certaln conputers, such Ss Carnegle-Mellon University, it
would naturally run on those computers, we‘would expect it to be
available on a range of common computers, those coming into use
in schools at present, No credit or course.tyﬂe structure is
needed with this material, as the units would be directly usable
by all students, Some convent{onally organized universities
would use them within courses too. The emphasis would be on
nastery learning, demonsttating conclusively that the student
fully knows each of the matheﬁﬁtical tasks involved,

The basic format of these materials would be 2 serfes of
problens, covering the entire range from simple arithmetic
through algeora and trigonometry., The problems would all be
presented at the computer. Each problem would arise out of a
conputer based problen qenerator, so an infinite nunber of
similar problems would be available to students, Some {mmediate
assistance would be available to students in connectlion with each
problem) this assistance would be hizuly Interactive computer

ald, not just verbal {nformation which the student reads



t

passively, Assistance would also be available on a broader scale

for students who are having severe problems with certain

{dentifiable types of problems, Students would then be recycled

through the problems, with additional aid if necessary, until
tgey can perforn at a mastery level on each t;pe of problem,
Note that In material of this kind stidents move very
quickly over anything they know, and so all sgudent effort 18
focused on exactly the material they need help with. So student

Hm&mﬂﬂm&NMmm.WmMMummmm

© flexible; particular problems could be taken out of the pool'or

otheéEChaggeQ nade In the way the exans run to sult individual '
¢clrcumstances. .

| The materials would follow the best strategies Qvallaple for
producing modetn Eomputer based learning materials, Extremely
competent teachers from all over the country would be involved in
the pedagogical design sesalons to structure the material.,
hdditional information about production strategies s available
fron the Educational Technology Center.

a .

Although no careful cost estinates have been mgde,
compatisons of this project with other efforts at producing very
high quality‘learning nater{al on the computer would suggest a
budget of about $350,0007 two to three years would be required.
It 18 expensive to produce qood currlculum material, independent
of the medium. We could not expect these mgte:ials to be
produced by one teacher In that teacher's spare time.

Whether we reqard these costs as consldefable ot as small

-3 -

depends on fhe scale being considered. That is, If thé nater]als
vere used {n only one or two universities, the cost would be
greaq/,nl\\the materials vere avallable throughout the entire
United States or even In other coun;rles, then the cost would be
small on a per school basds,

A number of posslbilitles for funding can be suggested.

1. Federal Grant

.
e N
N

The simplest way to fund a project of this kind would be

through a federal grant.

. Commercial Support

A second posaibility would be support from 3 commercial

publisher or computer vendor, with the idea of marketing the -

vmaferlal.

.3, Unlversity Congortium

A third possibility vould be & group of universities working
together, each contributing some funds to the total project.‘
These universities presunably would then-have free uge of the
naterial, except for duplication costs, and theylcgzld market 1t
to other institutions. They might well make a protit eventually,
4. Combination Funding .

Although 1t complicates funding possibilities, funding might

come through some combination of the zbove sources.

‘ Final Comment

Adequate material of this'klnd could solve the problenm for
nost universities in the United States, providing an.extrehely
flexible way of meeting the needs of students and one which
conserves valoable student time, I frankly see no other

-
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Abstract

Computoer hased Tearning mntolinlg vnrQ'widnly fn their
nppafont "IntelUigrnee." At one axtrems, many prograns cursently
belng sald for the aducatlonal macket are extraordinarily Hnited
(ahd unnecensarily so, we ¢ontend) In Uiels abitiy to rnnpﬁnd T
natutal, open-ended usar Input, At the other extremo, thers han
bean much dlecussion recontly about so;rallnd "futol ] {gont
tutors® that use techniques from artiflcial Intelligence, hut at
A conalderably graoter‘cnnt in terns of hardware roquirements,
This paper uses three pxamples of léarulnq malerfals for personal
computers, produced wlfh careful attention to prdagagleal desiqn,
that 2ppear to be “Intelllgent" but which have heen fuplomented

on small machines and with a minlmum amount of goftware overhiead.
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The past few years have seen Incteasing interest in and use
of the computer ag a learning device in a variety of areas where
the computer I8 not the subject matter of the area, Thus, we see
ft being used to ald in learnlng elementary arithnetic, college
physics, and in many other disciplines. Indications are that the
conpuler's presence in t'e educational nituation will continue to
grow, The sudden emergence of a dozen or o magazines
pacticularly concerned with computers in education and the entry
of at least a dozen publishers (both older, conventional, book
publishers and new conpanies) into tiis market are indications
that the movement has gained momentum.

Unfortunately the quality of many of the commeccially
available computer based learning units, leaves much to be
desired, Many of the exanples (commonly avallable) do nct
reflect the best usage of the computer.

This situation may give some rhdlvlduals the impression that
computer based learning material always deals with trivial or
unimportant learning activities. The existing conmerclal
examples have tended to reinforce this notlon. Another polnt of
view i5 that existing examples Indicate that computer based
learning is sti1) extremely poor, but that a future type of
activity, often called "intelligent computerlbased learning,”
will lead to better material, The claim is that intelligent
material, generated by the techniques develored in artifiélal
intelligence, will be required to get’away from the trivia.

Hy Intent {5 to argue through examples that this is not the
case. That is, we will arque that we already know how to produce

qood computer tased learning material; indeed, we will poirt to

_ Alfred Bork !
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mahfiéxamples of material which are, we tnink, effective learning
materials, This 1s not to say that we cannot imptove through the
use of Artificial Intelligence or a variety of other techniques.
Rather, it Is to say that it s a qross oversimplification to
claim that we have not developed good'maferibl.hitﬁout these -
techniques,

The principal aim of this paper {8 to contrilute an

~understanding of how the computer can‘ba effectively‘used in
education. There is already ample ev{dence to show that the
computer can be effective in a variety of situations.

The three examples we will use show a variety of sirategies
in edncatlon, They cone from work done at the Educational
Technology Center at the Univeraity of Callfornia, Irvine, We
have been involved {n the development of computer based learning
materials at Irvine for fourteen years and have developed in many
areas and at many levels, The three examples are by no means our
total output but were chosen to show our tange.

The {mplicatlons extend Ear beyond education, People in
many areas besides learning desire lnteréctive computer based
fﬁaterial tﬁat Is friencly to use. For example, the entire office
;fstems field could profit greatly using many of the tactics used
here, both In introducing people to the new environment and in
coaching them through the new environment. Hany applications of
the computer involving novices could also use the types of
techniques which have been usad in good compater based learning
material. For example, ft s often necessary for people with
11ttle computer experience to access data bases., Yet many data

bases are currently designed in a way that makes this access
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extremely difficult, The hiblingraphic data hases, for example,
wore Inltially touted an helng usable by the casual uner)
hownver, most of the hibliographlc data basea are In (act used hy
tralned Libracians,

Erample 1 - Physics Quizzes

The first set of materlal to be discussed wan developed in
connection with an Intrnduciory physica course at the Unlversity
of Caltfotnla, Ttvine, Thio coutse hag been taught for
approximately elght yoars In an Increasingly routine Eashion.

*he hastc pedagogical problem wna to provide individualized
'nld'and assistance to the mnny‘qtudnnts who take a large,
beginning aclence course. The couputer has proven to be an
effctive and popular medjum €or achieving this, One varlant of
the coures has nsed the computer to provide such ald. In recent
goars {n which this course was tanght, with the computer as an
option, ahout 400 students chose the computet variant) less than
half thia number chose the noncomputer varfant, In universities
large numbets of students learn through lectures and textbooks in
an environment which provides extremely little individuallzed
ala,

.VA second goal wag that all students leatn everything well.
That {8, we did not want to create the type of courge where gome
students leacn the material well, but many students, perhaps the
majority, end with only a very.partial view of beglaning physics.
This type of course 18 often called a mastery course, because the
requir;mept lg that every student master the matecial. This Is
not- to say that peoplé will not leave the courge For one reason

or anothety onr hope wag to teduce the number of drapouts over
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the standard course,Thin coarse, which haa heen well descr fhed in
the Literature, ! w11 only be dngcr thed hrielty hiete, The eonrge
ts divided {nto a serias of unlts, nimllar (o the syalom used in
the Pernonalized System of Instruction ot Keller Plan atrategy,
For each unlt several on-Jine tests are avallable, Stadents mast
do almost perfectly on thene teata before bolng allowed Lo
proceed to the next unit. Typleally the student will take a
giver test a number of times. The tests are not only tegts;
rather, they provide large anounts of learning maté:lnl. (ten
this learning material fg hlghly specialized to the preciue
student needs. That in, {f a student works a problen, Lhe type
of help glven to the student who does not succend may refloct e
specf[lc difficulty the student was having, Although thin
mater{al 18 described ag quizzen, thete g a constant flow hack
and forth between the quizzing and the leacning activities In the
materfal, He chonld comment, lncldental}y, we never use such
undesirable techniques ﬁa nultiple chofce within these quizzes.
The student completen the course by completing the units in the
course. Tnere I8 a peparate written final exam,

In order to glve a better understanding of what la Involved,
we will describe one of the 27 on-line quizzes, a quiz called
SLOPE, This qulz 16 taken early fn the conventional course,
{Stndenta have a cholce of two different courses, to allow
student cholce of content.) SLOPE will nornaliy be noen hy the

gtudent In the [irat wec. o0 he course. Jt I8 of moderate

dlfflculty, From a content point of ileu It might be descr thed

as geometrical calculus, but s the context of the physical

corcepts of position, velocity, and accelecation, the aim is that

Cal
~

N
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students given curves of one of these versus time shéuld be able
lo identify and construct correct curves of the other two. Thug,
differentiatinn and inteqration are involved, but with graphs
tather than with functions.

SLOPE begins, as do many of the quizzes, by asking students
{f they would like to have a help eequence for ihe material. The
help sequence does not count as part of the 40 minutes that
students are qiven to complete this and the other quizzes, A
help sequence i3 an Interactive computer based learning sequence
going over the ccacepts of the quiz, Within the help sequence,
very ditferent from the quiz itself, students proceed to
construct a velocity-time curve, point by point, from a position-
time curve. Rememser that It is the student's option to use this
help sequence,

The £irst step In the quiz consists of several questicns
which check on the student's knowledge of how to read graphs.
While we could expect most of our beglnning students to be able
to do this with no difficulty, it Is Important in the early
stages of a physics course to identify studenta who are lacking
such critical skills, The Eirst question, for example, presents
a curve [a'different curve each time the program is run) and asks
the student what the position s at a randomly selected time,
Note that In effect we have an Infintte variety of questions of
this kind, and that therefore no students ever receive an
identical question,

ih the second stage we try to find out whether students can
identity polnts where the velocity is 0 from a position-time

curve, The internal pointing device in the system ie used for

A
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this purpose. Again, the help is very selective, Instructors
will often know what the common student difficulties are, and so
these can be anticipated within the quiz, For example, on this

problem the nost comnon di(ficulty Is that students will point to

. places on the cutve where the position rather than the velocity

{s 0, In this case it I8 easy to give very responsive and
helpful feedback, as we do.

The raln body of SLOPE has three éart;. First, the student
must be able to fdentify a correct velocity-time curve, given a
position-time cutve. This ig repeated for an acceleration=time
chrve, given a velocity-time curca, Finally, in the last part
the student is given a velocity-time curve and is asked for
numer {cal Information about position at certain times. Again, in
all these cases random choices are made, Ao the questions are
different each time the quiz s run, |

We remind you that SLOPE is only one of twenty-seven
qilzzes, These quizzes were developed meny years ago in a
t imeshar ing environment; Currently we are beginning the process
of moving a{xteen of these quizzes to pﬁrsunal computers, where
they will bé marketed by a major textbook publisher.

Example 2 - A Controllable Horld

The second example presented here is also Intended for the
first part of a beginning physics course. The -pedagogical
purposes, and therefore the computer strategles followed, are
entirely different, The lssue‘h;re I8 an important one in any
teaching area.. It is relatively casy to teach the techniques,
and even to teach people how to solve particular kinds of

problems. But the development of insight and {ntuitlon into

3
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difficolt wubject matter araas n very difficult to Leach
nludonta,,and so {8 frequently Ignored,

The prograi desct fbed is intended to hulid Intuition in
beqlnning physics, where students are looking at systems
Invlving moving bodles, The interesting Lnsuen are the forcos
involved, the paczmeters In the forces, and the Initlal
condltlons, Programs of Lhis kind are possible In a varlety of
areas. He call them controliable worlds, They have also heen
teferred to as microworlds by the computer education group ak the
Massachusetts Institute of Technology. 1In any case the notion ig
to provide just those capab!lities by means of a facility which
allows (be student to play with the phenomena Involved, to gather
experience through elther a free play arrangement or, botter with
tarye classns, & play arrangement where tome guidance I8
provided,

M particular program was First developed in a tineshar Ing
environment, Then another varlant was developed several years
290 In a personal computer environment, The two progeamg are by
no means identical, Fach had some capabilities not avallnble to
the other, but they each had the mame baslc capabilitles, They
were both very easy for the novice student to use and had a great
(eal of Instructieial material on how to uge the progtam bullt
Into the program. Therefore, It wag not necessary to "teach’”
neople how to use the material.. A wide variety of responses was

accepted. I one vanted to draw a graph, ‘one could say draw,

graph, or plot, for example, and the arquments could be glven in

varlous ways ton, auch as ¥, y*, or "vx va, x.* The student

can plot any two or three meaningful physical variables, Indecd,
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I the persooal computer verslon the (hings o be plotted can b
any algebrate rombination of any of the varlaliles, The gluden
also has contro) ovet the lnitial conditions, the parametoers in
the force faws, and on what force law I5 naed, ALl tiese,
however, are not required Initlaliy--when the student firat pleks
a force law the program |n Immediately In a positicn to plot
gomething.

In a relatively briel time the student can acquire many
exper loncon ralative to moving objects, can vary paraneters Lo
aee what happens to the graphs. Students are not restricted to
looking at the rotlon of the objects, hut can also plot the
various abstract spaces which glve insight Into lhe tehavior of
phynical systens,

When they were Flrat developed these programe had some
severe problama in actual vsage, While highly motivated students
In class would use them eagerly and cnjoy them just as the
professionals did, many students were not succesaful, We
overcane this problem by developing a fiet of workbook materials
which quide students into the critical casen and which control,
to o certaln extent, the.discovery process. The student wan
always free to go off on his or her own lf kiat interested them,

We expect the personal computer vo:nion of thin program,
with the ns%nclatnd workhook materi + ho avallable soon

through CONDUIT,

Pty

‘The ptoblem raiged by the third - waple s an entlrely
diffetent one with an entirely different age group, We are

interegted here ii a very wide age group. The programs doveloped
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{n this project, concerned with public understanding of science, then, until they arcive at a satisfactory theory. In some cascs, -

as with the one described here, the situations are real, In . /
i

other cases the sitvations are imaginary. The environment is a [

have worked with students as young as nine Yeats old. They have

also worked with senior citizens. The programy were developed
and tested primarll} for public Library environments; assuming
that enyone who walked into the llbrary, #ith no computer ot
subject matter experience, could immediatély learn from the
programs, without benefit of text materials or teachers.

Note that the problem is again a serious one. Man} people
in our society ﬁave little understanding of the nature of
scientific activity. While they sometines use the vocabulary of
science and are, in the political process, often called upon to
make decisions which depend on gome understanding of science,
this understanding is often very weak. Schools do not help in
the matter. Host science programs in schools tend to give ]
quite inaccutate view of how the scientiat goeﬁ about discovering
theories and, indeed, what thé theories look like. This is true
at the elementary school, at the secohdary school, and it is even
true at uhiversity level science coucses, In fact, the topic of
the nature of scientific knowledge 15 such andifficult topic that
it is seldom treated {n conventlonal courses. lence, it seems to
us to be an Important problem, We felt that the computer could
do things that were very rarely teing done in our current
educational system

We developed a nunber of modules {n this project, each about
one and a half to two hours long for the average student. The
basib tactic was to put students in situations where they had to
behave something like a:sclentist beha&esil That 18, the students

gather evidence, torm hybothesea. test the hypotheses and change

friendly, helpful environment. A student will not {lounder

. fotever trying to do something (f he or she has difflculties.

The environment {5 a discovery environment in which a student who
is making no progress at all will begin to get nudges in the
right direction throuch built-in tutoring, done uaobtrusively,
Indeed, with all students we try to malntain the feeling of
success, the notion that they are succeeding in the learning
process,

The particular progran we will mention {a one that concerns
batterles and bulbs. Durlnq geveral hours of the sesgion the
atudent develops a model for almple electrical circuits involving
batteries and various light bulbs. The student {5 not told the
~ritical concept as Is usually the case In the typical classroom
presentation. Rather, the concepts are discovered in a fashion

just described that is quite consistent with the way a sclentist

might go about investlgating such a problem.

M
vy

The reader who [s familiar with some of the currlculun

v

development projects in the United States in the 1960's wili

recognize the batterles and bulbs materials described, because

sinflar units wer “ovoloped Ina - " sr ol the elementary
2ol 1rtg, But : a8 developed then,
¢ b dn tdeas similar © e ones expressed

hete, nave not wor..od it ass situations, The problem has been
that the units were highly teacher-dependent, and in general

teachers are not willing to spend the time and effort to maintain
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the equipment and b work with individual students Ly a discovery
mode.  These materlals have hn;n Lttt used dosptte the large
amounls of money which went Inta them because *hey do not have a
qo0d "impedance” mateh'wlth the classcoom situation. The
hatteties and bulhs materfal {m, as seen by our testing fp the
public Hbrary environment, independent of teachers and could be

used by stidents all over vhe countrx‘ M are corrently
heginnlng dlscuéslons ahout matketing this material with a number
of possible vendors,
Conclusions

The three examples presented do not represent the ful) range
of different vays tl@ computer can he used {n education. put
they do show three di€terent strategles, and in each cage (hey

show that the computer even with current tactles can play a very

- important tole In dealing with crltical pedagogical problems. In

no case ate thé problems veing faced trivial, Indeed, (n,each
case we did ndk start by askiﬁq "low can we use\the computer?,’
but rather wejstarted by maying "low can ve help stadents who
have this diffficult learning problent®

He-can gee both common [actorn’and differences In thege
proyrams. Fhest, Note that the computer cnvlronments run from

tineshating through personal computers. More tecently our work

 In the Educational Technology Center has concentrated on pergonsl

conputers, 4nd ve believe that this is the most likely futurg
dlrectlo& t ; compugef based Ingtructional materlal, |

One thing that g not qbvious from the descr[ptlons 0 (ar
s that al? these programs are very graohical, That {s, they é;l |

nse visual Infotmation as an Impoctant component of the learning
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process.  The nation of developing Iearning mater{al withont the
use of viseal tnformation does not soem to g to ho denirahle,

AL the programs are highly interactive, Wiren atwdonts run
them they have the feeling that thoy ace dealing with an
intelligent program, Mt the tntelligence dora nol come from Hhe
patticulac techniquen which have heen developed in artificial
Intelligence, but rather from the fact at in each case the
prograns have bee? developed by qrovps of highly expetiencod
teachers. It 1 the exporience of those teachers that In
reflected In the program as Intelligence, and It I5 this that
leads students to comment that‘the programs are highly responsive
to what they type In and to thelr individual needs,

Thus, the prbqrnmn appear to be "intelligent” from the user
point of view, in mpite of the fact that the computer srientist
might not view them In this [ashion, The key 1s the production
process which, In carly stages, involves gmall gt oups of
extremely competent Fepchers and qlves thcse lndlylﬂuals maximum
Ereedom to use ingights from thelr teaching experlonce, The
notlon of wocking fn groups fa an tmportant one that nends to be
stresned heret we £ind that no one Indlvidual can produce this
materlnl an elfectively as a group can. The profuet fon pr;cnsh
has been descr lbed fully {n lterature nvailahle from the -
Educational Technology Center. He believe that [t is one of the
key 1dras to future computer based learning matorial,

It should be noted that all theee of Lhese programs try to

~explolt the medium of the computer as fully as possible, not

necensarily bringlng in other learning media. Thin i
i

undoubtedly toal {z0d mont successtully fn the scientific 1lteracy

'

1
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material, whlch:normally runs in situations in which no teachers
and no print material and no Eilms arc available. This ia true
to a lesser éxtent with the physics quizzes. With the
controllable world programs, as indicated, we have found that the

print material ié useful, bul there are tactics where it can be

avoided here too. Projects vhich depend on extremely complex

mixtures of learning media seem to me to lead to problems in
typical glassroom environments.

Finally, we wish to make it clear that we am.not arguing
aqainst the use of artlflcfal intelligence in computer based
learning material. Indeed, we think that those techniques will
algo be extremely valuable {n improving the quality of learning
material. But we think that what i8 needed is some combination
and hybrid of the best aspects of contemporary éomputer based
learning Qnd the best future possibilities that may come Erom
built-in intelligence. Again, it is not an either/or question

and phrasing it in that fashion creates an artificial dilemma.

~ The issues we need to deal with are learning issues; the problems

we need to deal with are the important learning problems. All
computer techniques that contribute to this should be used.
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Introduction

More and more people are seeing texs materisl
dispiayed on screens through both video and
compurers. For exampie, textéoased displays are
often used for reference, perhaps interactively, 23
with reservation clerks at ¢ svel agencies or sirlines,
whounmchdhphyafotmyhmncd:dky
Similarly, in a computer-vased learning umanon
the studgnt may use a screen for an interactive
prommocmthcnmﬁu-muuummebouk.
parucularly as the cost of delivering texrual
materisl via computer or video technology declines
as compared to the cost of delivering it on paper.
mq\mmnofiwwmnmllbeduphyedonm
screens will become pearticularly important as
videodisc technology and computer technolocm
combined.

In spite of this incressed usé of screens for
displaying texts, the vast majority of screen displays
are probably far less effective than they could be.
and motroasion. Increasing a display’s effectiveness
is not just a matter of improving the screen’s
resolution or changing from mocochrame to color;
ideally, we would also take accounz of users’ reading

computer environment. This may provide 2 better
basis than is currently available for the information
designer who has to compare and choose betweea
various presentational options.
Dixplay meditom versus print mauenal
Many information providers trest the screen as if
it were the page of a book. This is not surprising
23 the book and related print forms are the dominant
reading modes now. Yet even a cursory examination
of the displsy screen and reflection about the
possibilities indicates that many differences exist. -
The quality of text possible oo most CRT screens
is much poorer than the quality of text svulable
in print materials. Letters formed from a limited
dot matrix are at best crude. Hence, legibility is
likely to be an even more important issuc on the
screen than it is in print.

The possibility of the control of the time domain '

is another striking diference beroeen screen and
print. Many different time considerations are
possible. In this regard the screen has 2 closer
affinity to a film than a2 book.

Furthermace, the economics of the two situstions
are very different. One of he most striking
differences comes with the question of blank spsce.
In books space costs money, since the cost of prinung
books is roughly s linear function of the number
of pages in the book. However, on the computer
screen blank space is free. Hence, size for size, blank
space can be used in 2 much {reer fushion in
computer displays than it can be in the equivaiently-
sized printed medium.

1 do noc wish to imply that ail the previous work
done with text display in princed form is useless
for understanding what happens on the screen. In
fact, much of the msterial concerning legibility and
resdability appears to be directly applicable. But
without further work we cannot know if this
inforrastion extends t the screen. And, u
indicated, there are many differences between print
and wreen.

This paper considars the comptiter screen as a spaces
time arena. [t develops a taxomomy of the various
variables associcied with the display of texrual
matersal

pusposes and draw upon the skills of information
designers in deciding how information should be
presented. We could then see the possibility o
ading and improviag the reading process, 20 in
inzevactive reading, a new resding styls possible oaly
with the new media. At present, we are rather far
from this. Often, the way text appesss on 8 screen
is almost an accident, determined either by the
programming languages involved, by the computer
hardware, of by limiting users’ control to matters
that have nothing tn do with the visual appearsoce *
of text. This is perhaps excusable, sioce little is
availsble in the literature a3 yet in the way of good,
empirical evidence on Aow tn display text on 2
screen; further, there is a scarcity of information
deu;uen with experieace of the new medis, 30
there is 2 danger that designers may rely on
cxperience with older medis, such as print, and
carry over inappropriste solutions.
Ino\um.anmouvhowkvuhmmdu
are in urgent need of an appropriate classification
scheme. The body of this psper presents
preliminary attempt to draw up such a schemse, in
thzformofatmmmyofth:vmmrypuof
texmual treatment which are now possible in the

The classification scheme

The purpose of this present paper is nor to describe
experimental wark showing how the screen should
be used. Rather, it is 2 preliminary attempt leading
in that direction, an attempt at developing 2
taxonomy of the various types of texrual treatment
which are already possible in the computer
environment. Below, I consider both spatial and
temporal factors.

The resder shoukd realize that many of the factors
discussed could be controlled either by the designer
or the user. Thus, rhe user might adjust timing
delays to suit individual preferences. The issue of
which factors shouid be turned over to the user is
one of the most interesting and ruo-t.\'unpomm
topics for exploration. Further, the questicn of som
the user is tn exert this control is also critical. Both
of these may be dependent, as with macy of the
other factors discussed, on the rype of use,

The taxonomy presented may not be complete.
Nor is current usage of these terms always un.
ambiguous. This paper sets down possibilities with
the hope that readers will suggest othera [ have
missed. Once a reasonable tazonomy has developed
we can study through appropriate experiments the
effects of these different factors in particular situ-
ations such a8 student lrarning.

For convenience [ have grouped the vanous
factora in categories.

I. The time domain

One of the most cntical differences berween printed
material snd matenal displayed by the computer 1s
that the computer can control (mmg. Thus, in 2
sense the computer is more like 2 film display of
text or a television display of text than 1t is like 2
book. Being able (o control timing may enable us
to emphasize certain materal (words, phrases,
seritences, sections), to show structure, or 20
increase interactivity, Seversl uming fictors nueed
to be consnidered.
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1. Overall rate of text owrpus. In most existing
systems text is delivered 10 the screen at the fastest
possible rate, the channel capacity. [n communi-
cation-based systems (typically timesharing systems)
it is difficult 10 do much about this; the chaanel
capacity of, in computer jargon, baud race,
determines the output rate. But stand-alone (single
user) systems allow us to choose our display rate,
and to vary the time delay berween two charscters.
Thus, the ‘image’ cza appear instantly or at some
slower rare. The rate can be coatrollable by the user.
The relationship of this race to reading speed may
depend on how the text is added t0: one complete
line st s time or one character at & time, for example
(see section VII).

Of particular interest is how resdability is affected
by the speed of ourput and also how attitudinal
factors depend on this. My speculation would be
thst a large amount of text displayed very rapidly
would creste s negative impression, bur this is only
a conjecture,

2. Relasroe rate of text outpus. In addition to the
*genenal’ slowing of the display rate just discussed,
special deisys might apply to particulsr parts of

document for emphasis. So we could pause both

before a key word and after it to give it a particular
emphasis. The delays might be of different lengths.
Or we could impose uniform delays after sach word.
A similar approsch could help to emphasize phrases
or even sentences that need special attention within
materisl,

3. End of lina delays. If lines are revealed pro-
gressively, at a fast rate, it may be desirable to have
delays at the ends of lines to allow for eye movement
1o the next line.

4. Delays besween writing on different parts of the
scraem. Pauses may help berween writing some
material on one part of the screen and thea writing
some other marerials elsewhere on the screen.

the marterial might oscillate. This text animation
then would also serve as a way of emphasizing the
material.

& Color. Another variant in this direction is the use
of variable colors such as using different colors for
differenc grammatical categories of words in a
sentence, (If cobor is available, sound mzy be as well.
Although difficult to incorporate in a textusi
taxonomy, the use of sound can aiso, in a vanety
of ways, cmphanize words, phrases, or other
rosterial. This might be just the ringing of a bell
ot it could be a much more ¢ gtensive use. Thus,
we could use musical background just as in a film.)

7. Underlining. Underlining is s traditional way of
emphasizing words and phrases in ryped material.
Undetlines can flath and blink also.

& Word-phrase spacing. Material can be emphasized
by displaying it with more than normal spacing,
either horizontal or vertical.

HI. Lines of texs

In one sense the basic unit of text display on most
screens is the line. [n a book the line is the same
for ail users, but with a screen it can vary with users.

1. Length of line. Some evidence with regard to
traditional medis suggests that longer lines are
difficult to read. Thus, an interesting factor (o0
investigate is the effect of line length. As with many
of these items we can Jet the user pick line lengths.

2. Narural breaks. Often, the positions of ‘carriage
returns’ or line-endings are determined by the
oversll consideration of page or sreen width.
Another strategy is 1o have the line breaks at the
ends of naural phrases, perhaps combining this
with 2 maximum line length.

). Myphenasion. Bvidence indicates that
hyphenation hurts readabulity 1n printed material,

S. Delays berween text and graphics. Although our
maior concern is with text, it may be that the rext
is interwoven with graphic matecisl. Perhaps s few
words will appear, then something graphic will
happen, then a few other words, then something
graphic. This resembles wlm goes on at 8 blsck-
board while the instructor ‘is both talking and
drawing. In this situation s possible approach is 1o
delay during the transition (rom text'to graphics
and the transition between graphics and text, sgain
allowing a shift in the viewer's attention.

I1. Word-phrase emphasis

As already stated in connection with timing, it is
often desirsble 10 emphasize particular words o¢
phrases. A variety of other visual tacrics which come
under the general rubric of types of display are
possible. These physical methods of emphasis could
be important iu aiding reading. Foaws, discussed
later, aiso can provide such emphasis,

1. Flashing, By fashing we mean that 2 particular
word ot 2 particular phrase appears brighter on the
screea for a period of rime. This might be done on
some type of displays by overwriting and other
rypes of dispiays by rapid swirching back and forth
berween bold and noabold type foats.

2. Blinking. A variant of the above is that a part
of the text can biink off and on. The raze of blinking
is & varisble. <

2. Reverse video. A critical part of the text might
be, for emphasis, in black on white rather than in
the usual form.

4. Bold Wordsotphmumybembold.'l'huu
discussed further later.

5. Text movemens. Some display systems will sllow
an individual word within s sentence or some other
larger grammatical structure to move around oa the
sreen independent of the rest of the text. Thus,

Nevertheless, hyphenstion is very widely used in
electronic medis also.

J.anfm:mﬂnuof(manbemmgedina
oumber of ways. The most common is the
rypewmmukcummouwhaem:unamndmy-

‘at the same point at the left-hand margin, left justi-

fication. Often seen in books (but not necessarily
helpful in resding) is justification at borh the left
and the right ends of the line by insertion of spacing
in the line. This can be done on disr-iay screens 100,
but often the only variable space allowed is that
associated with the spaces berween words; that is,
the spacing between leters Cannot be varied.
Furthermore, even word spacing is controtlsbie
often at a rather crude level, s full space.
Justification in conventionuly printed material
invalves much more flexibl : control of . pace; the
technique of ‘letter spacin g’ adds smull speces
between ail the letters.

A third possibility is 1o ustify only the right
margin, letting the left maryin be ‘ragged’. The
fourth possibility is 1o center ti# line within the
space allocated for it, so that neitier the lett nor
the right margin 1s justified. A varisut of this is to
put random amounts of spase at the (wo ends; we
might consider this a fifth possibility: random
jusufication.

5. Number of columns. Both one and two column
formats are employed in books, sometimes even
more. These possibilities also exist for the screen.

IV. Space
A screen contang bork text and blank space.
Although it is perhaps straining a point o put it
into this category, I will include such issues as the
overall text density on the screen 1n this discussion
of space.
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1. Text density. %ﬁ might be defined most simply
a3 the ratio of the screen ares occupied with text
to the total screen ares. Perhaps in making this
compwation we should include the space at the
ends of the lines that would be needed for justi-
fication, since that is noc typically aveilable for other
use.

An important item, difficult to quantify, is where
the blank space occurs. For exampie, we may have
blocks of text expressing different ideas; the
differences can be emaphasized if the blocks are
separated and plsced on different parts of the
screen. The question there is whether the blank
space can be simply randomiy determined pechaps
by the machine itseif, or whether it shouid be’
determired by 8 competent graphic derigner. One
m;hxaumn:heumeormnulbhnkspwe
versus controlled blank spece. Control could be

. thought of as referring either to the placement of
- the ‘material or to the blank spece.

2. Spacs between lestars. Normally, letiess are not
written directly next (o each other; some amount
of intervening space is left, ususlly small. The spece
between lerters is an interesting varisble to
investigare in connection with the present problems.
Tt might aiso be described a3 the size of the letters
in relation to the space in which they are put, and
so could be indicated by the same type of ratio
expression indicated in (i) above.

&Spaabamlbu.mmuxpedﬁcmddendm.

is space between lines of text.

"o

V. Characters

1. Comparative chavacter sige. Letters can themseives
be of different size. Many current screens allow oniy
a single size letter or only a few static sizes, but the
possibility of variable size lette’s is not hard to
imagine and is already possible with some systems.
An additional possibility is the mixing of letters or

displayed at the bottom. Thus in this circumstance
(if the screen is not cleared) most of the rime
associated with any long text output will be speat
reading the bottom line, which msay appear
‘instantly’, character by charscter or word by word.
A useful variant under many circumstances is to
allow scrolling of more than one line at a time; the
aumber of lines scroiled can be chosen either by
the program designer or by the user. Another
variant is that scrolling can either occur
awtomatically, or it can occur aiter the user is
queried as to whether scrolling should take place.
Scroiling can be a property of the full sereen. But
we can also scroll individual areas of the screen.
Thus, some material can remasin on the screen while
other materisl is scrolled. Several textports (aress
of the screen) can be manipulated separateiy.
An slternative to scrolling is a complete clearing
of the screen, with text written at the top of the
screen ope more. Agtin, this can be dome
optionally with the user requesting it, or it can be
done automsticaily when the end of the page is
reached, possibly combined with some suitable
delays-as indicated in the section above.
A special case of scroiling might invoive only a
single line of text. The material thus is conatantly
being erased and rewritten, )

2. Panming. o scrolling the lines siways move by
an integral number of lines, typically one 3
indicated. [n panniny (or ‘smooth scrolling’) the text
moves upward or downward at some steady rate. As
with other items considered the rate can be chosen
by the designer, or can be under the controi of the
user.

3. Crawling. A small amount of overtlow can be
handied by having the entite text move to the left,
as in some news signs on buildings.

various sizes in *he same presentation, pechaps for
word-phrase enxphasis or for other reasons.

2. Fonss. In print media a variety of fonts will be
used. Thus, a heading font may differ oot only in
size from the body font, but may be a bold or italic
variant or a different type face, perhaps foc
emphasis. The font can be a conscious choice, but
this is tare on today's screens.

2. Character aspect ratio. Thcnmefomof
characters can be displayed with varying aspect
ratios, the ratio of a letter length to its height.

4 Quality of characters. Most computer displays sill
have very primitive, almost barbaric, charscters.
These characters are often made up of very limited
dot matrix formats. But some displays, such as the
Xerox Star systen., allow better type fonts.

V1. Page aspect

The traditional printed page was higher than it was
wide, with a variety of ratios. CRT screens also
show a variety of ratios, but except for a few word
. processing systems the tendency is to make the
width the larger dimension. Many of these screens
are TV-based having the aspect ratio of 3 to 4. Some
systems have a square screen: Although this factoe
may not be importint in our consideration, it would
be desirabie to determine that through actual usuge
rather than speculation.

VIL. Overflow handling

Eventusliy as text is dispiayed on the screen, either
the entire screen or the ‘window’ o viewpoint in
which the curvent material is being written will be
full. The points raised in this section have to do
with the.action tsken under these circumstances,

1. Serciling. Most of the commoa, inexpensive
displays use a simple scroiling mechanism. That is,
when the user gets to the bottom of the screen every
line jumps up by one line, and the new line is

VIIL Aids 1o browsing

Books are seidom read completely linearly. Some
books are almost never read in this fashion! The
typical situation for browsing or searching mught
be where the resder wants to {ind 8 particular piece
of information- or wants to obrain a geaeral
impregsion as to what 3 book is all about. [ use
browsing to include both of these categories,
although they might be split or perhaps berter terms
might be developed. Convenient browsing is a very
important property. ¢

1. Indeaing. Most books, and much other printed
material, contain indices. ‘vary greatly in
completencss. An index can also indicste the degree
of importance of 8 particular the levei
of treatment, etc. Indexes can)\be selectively
displayed on the screen. L

2. Freeform indexing. An alternstive'to an index
is the ability to search for any word ‘or phrase,
possible in a computer environment. p

3. Page flipping. Page fipping is the faculity to be
able to move either forward or backward rapidly
in gulps of pages at a time. The rate can be seiected
by the user. In a variant on page {lipping, on each
page key words or phrases (perhaps user-selected)
can be highlighted by one of the processes discussed
above in word-phrase treatment.

4. Hypertext. Hypertext is 3 word invented, [
believe, by Ted Nelson. The notion is to allow a
type of super browsing capability, where the depth
of browsing can be controlied (rom everything to
3 very brief summary of the matesial to the full text
material, An intermediate stage might otfer 2
summary of each page or cach group of pages, so
that one couid decide whether that was the page
at which the material was likely to be usable. The
user must be provided with some esay way of
controlling this situation. [ should hasten to say that
the word ‘hypertext’ also includes other concepta
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besides this, ones thar are not directly relevant to
our present interests.

IX. Marginalia and cross-referencing

Notes in the margin, and other similar devices, can
be very useful. These notes might be ‘private’, or
they might be made availabie to other readers.

1. Notes. A common procedure with printed text
is the writing of notes in the margin, a capability
also related to hypertext. Although this has seldom
been done with textual material displayed directly
via computer displays, it represents 3 possibility.
Such notes could be later modified or exanded. (see
also sestion X1)

2. Pointers. The user can also enter pointers from
one passage to another,

J. User highlighting. A relsted feature is to allow
users to impose their owa word-phrase coatrol. This
is similar to underlining or using markers in print
material,

4. User editing. The user may want to change the
text for his or her later purposes. Impiementation
of such a facility will also have to consider privacy
factors. The user shouid be abie to state whether
a particulur note or pointer is to be resdabie by other
users of the same text (if that is possibie on the
system), or if it is to be restricted in some way.

X. Viewing environmens :
Displays are often viewed in non-ideal
environments. Studies in the area should see how
environmentsi factors such as room illumination,

. screen contrast, distance from the screea, etc, affect
. readers. Factors such as the wearing of glasses may

be impoctant.

XL User interacrion
So far we have been considering the usuaj ‘resder’,
a receiver of information. Buc the computer allows

sicuation might well be very complex with many
different user properties aifecting readability and
other issues. )

[n a given situation it might be entirely too com-
plicated from the user viewpoint to turn aif of the
user controllable capability over to the reader.
Hence, the issue of which variabies shouid be under
user control is one that requires study. At least two
issues are importan, First, if the user can modify
the situation in some particviar way, =t/ the
majority of the users or any users actually use that
capability? If something is never used, iz should not
be given to the reader. But 3 more important issue
is which user controllable variables will actually
make s difference to the reader, cither in terms of
the ease of readability of the material or in terms
of affective issues.

The question of how the user is to exercise controi
is a fundamental one. How is the user to make the
decision s to how to do these t'ungs, and what is
the mechanism by which the Zecision is conveyed
to the computer? These issues are not simple.

At lesst three overail strategies are possibie, and
combinations of these could also be followed.

1. [nitial choice. When someone first comes to the
text of program it is posstble to offer the option that
they could alter the conditions in some wsy beyond
the ‘default’ co: :*ions. This would miean that the
assumed conditions would need to be told to the
user, and then the user could alter these if desired.
Some methods for this initial alteration are possibie.
Cie is 3 menu-like approsch where one points with
the cursor to a line that is to be aitered, and then
the user is led step by step through the aitering
procedure.

2. Verbal commanda during reading are the next
possiblities. It is posmble that readers could be
entering communda indicating changes. Thus, if
readers wanted the entire program (o go (aster, they
might type faster, while the output 13 appearing on

the reader to play an aceive fole. In the best case

* we can have full .interaction, as in the best

computer-aided learning material, But with little
work for us beyond just employing existing print
material on the screen, we can occasionaily invite
the user to type in a summary, With the idea
understood that such optional input would not be

analyzed.

XII. Daign of the screen

I mention finally the possibility of specul graphic
treatments set out by a competent graphic designer
1 opposed to simply using some (random)
combination of the factors indicated.

User control
As we have been noting in our previous discussion,
one unique aspect of the computes-driven display
23 compared in print medium, is that maay of the
functions which normaily are compietely deter-
mined in advance can be rurned over to the user. The
reader can be provided with meny degrees of control
which are not a. .ilable in print medium. Almost
all the sspects of screen dispisy discussed 3o far can
be under the controi of the reader. .

Butwuh:uthaenewdzpeaofﬁeedomme
new uncenainties about how to empioy them. At
least four interreiated issues need to be discussed—
mdepmgmwmwc,meqm
of which varisbies shouid be tumed over to the user,
bow user control is to be provided, and the issue
of training users in the effective use of this new type
of facility.

Different users may have very different needs
with regard to the type of control provided. So our
charscteristics cannot be ignored. One would

* expect, for exampie, that a second grade student

might hest be provided with different types of
control over the display than that provided for a
good university student or an industrial trainee.
Although little research is available as yet, the

the screen. The advantage of being able to use =
Fnglish is clear. The difficuity is that the user
would have to learn something of the vocabulary
needed for these changes, aithough the built-in
vocabulary could be quite extensive and therefore
flexible. Or this could be allowed only at certain
specific places in the material.

3. The third possibility is to allow the user some
special mode of interrupting what is happening, to
make changes. Thus, 3 particular key might be
reserved for this purpose. When the user presses
the key, a menu-ike situation similar to that
described in (1.) could then ensue, or a query
routine could be started.

These possibilities are not inteaded to be mutuaily
exciusive, but could all be used. Experimentai study
could determine which ones and what combinations
are more desirable. In any case the careful picking
of the method of user control could have a profound
effect on the issue¢ of resdability. [t may be, too,
that the user may not want to use anry such controi,
but would find it easier to stay with the defsult
sertings. Again, only carefully done experimental
work would determine whether this is the case or
not.

The final issue is also # critical one—~the process
of training the user to use the faaility. This interacts
with the other factors; a training procedure could
be rather simple if oniy a few aiternatives are turned
over to the user. The question of the type of user
is critical as to what one could provide; less training
would be needed for the one-time user than for
someone who is going to be reading large amounts
of material at the screen.

The training process could invoive off-line
material in written, slide-tape, or other media; or
it could be done directly at the dizplay, using the
best techniques of modern computer-based learning.
My general preference would be the second
possibulity,
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Implementation comments

It is noc difficult to store text in such a form that most
of these various options could be picked randomiy
in experimental situations. Thus, to impiement
word-phrase emphasis and timing and line length
control, we need oniy to place markers before each
word that is to receive special emphasis or perhaps
different kinds of markers for different types of
emphasis, and similar markers both before and after

natural phrases.
Acana. -, Ussiul hava come (rom meny
AOVWINNS INCIUONG [Ne foliovang: S. Frankiin (Unrveruty of

Cautorrea, inane). J. Fostar (Manchemer Polviscnic), J. Harvey
Unwermty of Keslel, K. Hoooer (Unwarsity of Casforms, Sente
Cruz), J. Henes (Orgal Equioment Corporstons, 9. Kurty
(Unwvarmty of Caklorma, inane). H. Peters iUnrversity of lowel,
8 J. Pnce IUiwersty of Caslors, Systariwias Adiursstraton).
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¢
Negatlve views about computet based learning are

occaslonally encountered, They are held by a number of people,
often for odd reasons. This paper attempts to respond to certaln
negative views, often seen In the literature, by emphaslzing
positive aspects of the computer as an ald to lerrning, I wlll
not consider all the “"phllosophical® objéctions that have been
made, 1 will dlscuss a particular example of computer based
leatning, in the context of earller efforts, and show how it
illustrates the ideas. The example, sponsored by the Fund for
the Improvement of Postsecordaty Educatlon, was developed In the
Educational Techrology Center for improving sclentiflc ilteracy
in the general populace,
~ Some Key Ideas

1, Actlve Learning. One of the primary goals of many
innovative learning projects is that of encouraging active rather
than passive learning. Creating an actlve learning 3ituation is
a prine consideration justifylng more widespread vse of computer
based learning.

I have azqued in many papets that the computer, working
directly with computer based learning modes, fucnlshes the oply

possibllity In today's mass education for making learning a move

active process for milllons of learners, -Most otner learning
approaches which are highly Interactive do not worﬁ when the
number of learners grows vety large. Indeed, I would even go
further than that: It will make learning a more active process!

2, éégégi? Many negative writers use the term "CAI" for
computer hased learning,  Although it ls a matter of terminology
and 8o not a critical lesue, I would like to quibble with that
terminology. I don't think It's very useful, and often leads to
opposition. Pirst, using sets of Initials Is aboninable and
doesn't Eit In with reagonable English style. Attendlng a
meeting In an area wich which you are not very conversant is
usually appalling, listening to people speaklng to each other In
codea, Thete 13 no need to d¢ so, The English lanquage ls
adequate, |

Purther, "CAI" 18 a "red {lag" for some Indlviduals. They
saw, perhaps many years ago, some material with that identifying
tag, and since then they have felt that everything in which the
computer ig used in an [nteractive tutorial mode has the same

characteristics as whatever they saw.

The net result 15 that T do not use the inl:fals but spesk

rather of computer based learning., My emphasis is on learning,
what the student does, tather than Instruction, which is what
someone else does. Thls emphasizes the notion of actlve
leatners, already mentloned.

3. philosophlscal versus Practical Decislons. I get very

worrled when people make pedagoglcal decislons on grounds of



overall phil&sophy. While It s Important to have an overall
philosophy {n dealing with educational materlal, ve are still at
the stage where much i8 to be learned about the néture of
learning. So we must be cautious about making decisions on
statenents lacking a good empitical basis without conglderable
practical experience In the area {nvolved. '

This has particularly been a problem with the use of the
computgr {n education, Many people have gtarted with strong
philosophical positions and have made decislons on how they would
use the conputer based on these principles. One underlying
principle behind such philosophical points of view is that some
"right" way exists to use the computer, and that this mode of
usage can be justified on the basls of argument rather than
experience, This approach is fundamentally anti-sclentific,
Empirical evidence 18 essential in naking such decislons, ‘
‘ pagticqlarly'in an area such as learning where no fully adequate
scientific theoties are available.

I u?uld arque that no "rlght* way of using the computer
exigts, Of the many dlfferenf ways possible almost all of them
_ nagglgffectlvelln some pedagogical sltuation, The decision as to
how the.céméé£;?‘;$ fﬁ Bémihvblved In iearnlnq shbuld be made on
pedangical {gsues, often dependent oﬁ the particular area rather
than on general philosophical grounds,

5, Experience. Very few of the critics of computer based
learning have had very detalled expetience with good, modetn,

contemporary, computer based learning material, I doubt {f these

critics have spent many hours during the past several years
critically examining such mateéial and making decisiong about its
use In classroom sitvationa, Thus, I am aftaid that the critics
ate often criticizing entire classes of products with which they
have almost no direct experience,

§,  Quallty of Conputer Baged Learning Material, The

developnent of computer based earning material ls still in lts

{nfa:cy. Use of any new learning mode requires detalled

experience and study of how that mode can best be employed as

- compated with older learning modes,

Many of the people developing computer based learnlig
naterlal are heavily influenced by books and lectures, and so
they miss Just the component of active learning which is so
important. They tend to transpose books and lectures to the
gcreen, and so produce Inferior material.

This situation {8 now changing.. As we galn experience, we
are producing a wider range of interactive computer material
which begins to exploit the capabilities of the mediun. Quality
(g Improving, We 8till have much to learn, and even the best
current material will appear rather crude a few years from now,

. 1. Individualization. In addition to the extremely
desirable goal of creating active learners, another advantage of
computer based learning deserves close attention. Thé leatner,
belng actlve, is often replying to questions £rom {he computer,
The computer analyzes each response, and makes further declsions

on what learning experiences to present, hased on this analysis,
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a8 conpared to ordinary quizzing is the imnediate feedback. This

can occut in the obvious fashion of telling the student whether -

the ansver 18 ¢ ig not correct. It can also be much more
extensive, offering very detailed help sequences Cased exactly on
the type of difficulty_tho student has shown in the quiz. The

quiz can, in Eact, become the doninant learning device in the

course a8 more and more of the learning material is built into
the qulizzes,

9, ' Basis of Comparison. One issue that‘I think must be

+addressed when one looks at computers {n learning is that of the

dtandard of comparison, That ls, what other curriculum material,

g |
used in what type of environment, is being compared with computer

based”;aafﬁihg natecial? Without such a standard of comparison,
discussfon can quickly become unzealistic. Thus, to compare
computer Based leatning material, or any proposed new mass
educational approach, to what goes on when an extremely skilled
teacher works with two or three students is unfaic and
unrealistic. It 'is more than unfair--given the current problems
of American education, such aﬁ approach is highly misleading,

To atéte thlshiﬁ a different fgghiqn, I would_not claim thot
the computer, used in any way in education, will be superior to
the ertremely good instructoc working with only a few students,
This very small group learning situation, with excellent
teachers, is extremely rare In education at any level. It does

occut, for exanple, In some Bitish universities, Almost every

* Important physicist in England in the second half of the

-f -

These decisions then can reflect closely the needs of the
Individual léa:ner,hand g0 the material can be different for each
person. We can thus achieve a degree of individualization
possible with no other media in environments with large numbers
of students.

Furthermote, the time to go through the material can be very
different., This is to be contrasted to the typical lecture mode{
still the primary node of teaching (not necessa;lly learnlng)
alriost all courses in our unlversities and our school system;

8. Quizzes Via Computer, The computer can be used to

deliver, gra@e, and record the.resulté of Aulzzes. This ig one
of the most powerful modes of computer based learning.
Unfortunately it is often used poorly.

Multiple cholce quizzes are an abomination and should never
be used in learning situations. Or, perhape to b§~a 1ittle less
radical, multiple choice should be ugsed onl& tarely in situations
where Lts use simply allows some change of pace from other types
of ‘quizzing, In the extensive collection of on-line quizzes
developed for our beginring physics course at Irvine we use
nultiple cholce extremely rarely, There ig a belief, usvally not
verbalized, that multiple cholce has something to do with |
computers.‘ IL did, as long as one was dealing with mark gense
cards and other stone age computer technology. But multiple
choice questions need never appear in good computer based
quizzing situations.

The most effective aspect of using computer based quizzing

.5 -
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nineteenth century worked vith the same tutor, The tutor vas '
unknown a8 a sclentist, but nevertheless the evidence 18 clear
that he was an extremely competent teacher.

I clain that the computer, dséd in computer based learning
nodes, could lead (I emphasize could rathsr than will) to an
ordet of magnitude improvement In what happens in out typical
class situatién, whether we are looki;g at the K through 12
system, the university system, or adult education,

Let ug take fhe‘béglnnlng physice course {n un},zraities as
an exanple, Hhat ig the typical situation? Flrst, relatively
‘ few books dominaté the market, beginning with Haliiday and
Resnlck, Purthermore, these few books are extremel§ s]milar In
both content and problems, In addition to the books a seQOnd '
majot learnfhganBE brovided {n most beginning phyaics courses 18
the lecture, typically closely parallel to the text, The book
and lecture do not satisty In any vay the ctiteria of active and
{ndividualized learning, The class ls ofﬁen large, but even when
the number of students is relatively small, a lecture cannot
provide an a;tive iearning environment, A few charismatic
lecturers may }urniah atrong «otivational impetus,Aaerving ng A
tole model, but‘that lé very unusual, not the common 81tuation,

Many of these cour;es also require homework, graded,
typically rather unevenly, by hordes of advanced students.
Feedback 13 delayed: The time between the moment the person
completes a homework problemxand the momenf when this student

gets information from grade:s; is likely to be days and gometimes

- 1ittle {ndlvidual attention is available.

longer tpan A week.\ Because many people are involved in qrading
and'becagse theére are varylng capabilities, the feedback is of
highly varying quality, Often the emphasis la slmply on
assignin§ 2 grade, with Little *help* provlded,

- Instructors will have office hours) but 1€ wexdivide office
hodrs by the number of students in the course, we @ifalnan

extremely small number in the majority of ituation s So agafn

1 don't vant to sound overly pessinistic dbout the heglnning
MMmmﬁMmmmemmmmoy
Lteach problem solving the way the developer of the materials
vants the problen soived (vhith may ot may not SE true), we
should look at what happend with learning problem solving {n:the
mmﬂmmmmmummrnmmnmmmmm
learning we must look at the existing classcoom situations and at
practical vays to improve ex{sting situations to get a reysonable
standard of compat{son, ; |

Altetnatives to gypiéal beginning coursey exist, Self-

paced, mastery systens, usuaily called Keller plan or P8I,

'provide an alternative, Typlcally these have been guccessful

only with relatively small groups, The Reller plan articles from

MIT are very revealing aboufytheir difficulties with large

|
~ physlcs courses. In developing‘auch a var lable-paced coursj, to
l

\ !
overcome the problems of the typical course, we were led to

develop our systen of qn-line quizzes in the self-paced, nastery

|
|

tradition.
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The situation with regard to physics s not unique, I could \ evety major textbook putlisher, plus many new companies, are

have dis~ussed almost any subject area, I picked physics because cucrently gearing up to market computer based learning material.

It 1g the one most familiar to me, and because I have developed : Kany computer manufacturers are also moving in this direction.
extensive materfal in this area. g The amounts lhat these companles are Investing are growing
10, The Commercial Wave. It [3 my position that computer rapldly, ‘
based learning matertal, because of Interaction and We need only look at the textbook market to undechtand why
“Individualization, can be extremely effective, partlcularly as publishers are moving toward computer based learning, even though
compated to any other currently llkely possibilities which might ‘ there is great uncertainty sbout the marketing data and marketing
lead to better educational systems for large numbers of people. otrategles. Textboots are not a growing market, so these
- In another sense, particularly from a long-range point of conpanies eayerly seek other markets, while attemping to protect
view, it does not matter in the slightest whether computer based their current market.
learning material is or fsn't better., In glther case, we will ‘ I would not want to claim that all the material from these
see more and mote of it until it will eventually become the companies I fitst rate or even reasonable, At the present time
dominant educational delivery system! : much of 1t is poot, That even poor naterial can he marketed by
The question of whether or not coputer based learning major companies is an Indication of the need for this material in
mater fal will‘become widely used is not one that will be decided the schools and unlversities. The list of existing companies
on ratfonal.grounds, based on the effectiveness of the learning " involved i Impressive. It {ncludes such QOmpanies an larcourt, -
* situations provided. It is not an "academic” issue. Rather, Brace, Jovanovich, llarper & n§wb Jolhin ®lley, Mchaw—uill, Randonm
curtent great difficulties with education, plus very powerful flouse, Scott Foresman, Science Rezearch Assoclates, and @any
marketing‘forces. will be the major factors, These.factors will others, The critical point is that the important declsions will
2 dominate, aﬁd the rational lssues of effectiveness 65 this type increasingly be made by commerciél ffrma, not educators.
ol learning will not be major considetations. The only question | An Example - ElemEnfa:y Science Material
is whether the future of the computer in education will be 50 far the discuszion has/b»en theoretical, thlklng about
desirable or undesirable; that issue is still unresolved, computer based leatning In abstract teems, This worries me fgr a
We can see clear slgns of rising commercial interest, vériety of reasons, We can understand the [ssues only If we
although I do not have time to lool. at the issue fully, Almost ' examine actual examples. ,In this section I constder an exanple.
L | -10-
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Three aspects will be consldered: 1) An important pedagogleal
problem; ?) attempts to solve that ptobien (which In terms of
mass educatlon dld not succeed), and 3} a computer based learning
variant of these attempts which holds promise of succeeding not
only within schools but alsa {n homes,

It would be {deal if I c0ulé supply readerg access to the
- computer based learning prograns 1 will describe, It s
| dlfffcult to convey the rotion oé a highly interactlve graphic
. learning experience with the passive print medium, But I will do
the best I can, hoplng that readers can later try the modules,

The educational problem to be considered is 1mportant, not
only In the United States but all over the world, Pregent
sclence curricula, partlcularly as reflected In what the averace
student learns, do not bring students to an appreciation of fhe
nature of scientific knowledge, Most approaches are vocahulary
oclented, presenting words and "facts,” These courses convey
Uttle understanding of how the sclentist goes about arriving at
such vocabnlary and {nformation. Science i3 almost presented as
a new type of rellglon; the conclusiong must be believed because
the scientists say sol Very few students come through the
educational system In the ﬁnited States with any understanding of
the nature of sclence. Yet, In.a society heavily influenced by
sclence and technology, such understandlnq fa Important, A
simflar situation exists elsewhere,

' The reallzation that a difflcult problem exlsts and that we

ate falling to solve [t 18 not recent, Major indlviduals In

science education have been concerned with sclentific literacy
for many yeats, Several thoughtful projects concentrated on this
problem In the 1960's, Among these projects were three

elementary curricelum afforis that developed materials closely

“related to the ones to be descrlbed, the Elementary Sclence Study

project (355), centered at the Massachusetts Institute of
Technology, the Sclence Cutriculum Improvement Study (SCIS), in
{ts initlal form developeé at the University of Callfornla,
Berkeley, and the AAPT materfal, A Process Approach, The SCIS
project was published In two forns and marketed by two
publishers, High achool curriculum developers also were
conscious of the problem of sclentific literacy, as seen [n such
courses ag Project Physlca,

In these curricula developments {ndividuals distinquished by
thelr knowledge cf sclence and their pedagoglcal backgrounds
contributed, The SCIS project vag Important for its pedaqoqléal
conttibutions, {ndependent.of the units produced; 1t Introduced
the nportant developnental psychology notions of Plaget to mahy
teachers and researchers In the United States,

The materlals produced In these projects were Impressive to
the professlonals, They did focus on the-problem of bringing
students to understand how the sclentist works, how sclentiflc
theoties were dlscovered, They used a variety of subject areas;
the materials were thoughtfully developed, tested, and improved,

Let me ﬁentlon one example, the batterles and bulbs unit,

Students are glven some batterles, some light bulbs, and some |
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wites, As far as pczsible, the batteries are all sinllar as are
the llght bulbs, Students ace told that their Inltlal task is to
make the bulb light. They expeciment with the equipment with
this task in aind, Students are not told how to light the bulby
tather they‘should have the actual experience of a gnall
enpirical discovery. In some varlations additional help might be
given to the student who was slow in finding how to light the
bulb.

Lighting the bulb is only the £irst tusk, After the student
has succeeded In doing this, pethaps in several different ways,
the next stage la to verbalize what le necessary to light the
bulb, arriving at the rotion of a continuous clrcult which uses
hoth terminals o the battery and both terninals of the light.

By a series of additional empirical investiqations, the

students graduaily develop a theory or model of what s happening
in the circuit, In the coutse of this lnvestigation such terms
as "current” and "resistance” are introduced, although not In the
full-scale sense of clrcuit theory, It ls the:development of
this tneory and model, from the empirical basls, that s the
focus of the activity, I emphasize that although the student
learns something about batteries, bdlbs, and electrical circuits
in the process, the major focus 1s on scientific methodology, °

What happéned when the SCIS, ESS and Process Qpproach‘
naterials were introduced into classrooms all over th country?
The tesults were far less than many of the developers

anticipated, Indeed, these units are little uged In Anerican
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achools. These projects were disasters 1n schools,

Furthermore, examinlng classes In which the materials are
used often reveals little resemblance to what the developers had
in mind, The difference between an ideal curriculum, often
developed with rosy notlons about classes, and the curticulum
material in *he average class, with the average teacher, is often
tremendous, In thiv ‘natan  “ls proved to be the case, The
new materials demanded the ctive participation of each student.
They differed very much from the conventional class situation in
which the teacher was often the only active Individual.

Any fnnovative cucriculum development has a major problem
agsoclated with preparing teachers to handle the new curriculum.
This problem had to be faced to make the new elementary science
materials ugable in every American classcoom, Unfortunately, the
standard mode i3 quite 1nadequaté} what happens, almost
inevitably, {s that courses for teachers ere offered elther after
school or in the summer at local community collegas and
unjversities, These quick {n-service courses have long been
looked upon as the best way to handle the problem. Even at this
time Congress ig voting money for tﬁis purpose, During the
period of the 60's and eatly 70's the Natlonal Science Foundation
gpent ten times as much money on these teacher training
activities as they did on the curriculum developments themselves!
Yet this money was, as judged at the time, entirely Inadequate
fo; the problem at hand, Bringing classtoon teachers {n for a

f2w weeks of Intensive work was entirely inadeguate to change a
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1ifetine of habits and beliefs. For most teachers no such course
was avallable. Even pre-service coursey in many teacher traning
tnstitutions were relatively unaEfected by the new curriculum
mater{als.

The toacher tralning problem In connection with beinging
students to understand sclentific methodc:ogy was Indeed
dlffiéult. The sclence background of elementary teachars I8 very

weak. Often the college preparation of elementary teachers vas a

~ vatered-down physical sclence survey course, designed

particularly for teachers, These rourses {n almost all cases had
1ttle of the feel of what sclence is all about and were often
sinply cranmed with *facts,” So very few teachets had adequate
pxeparation;

Even a teacher who understcod the nature of sclentific
activity often had dlfficulties in the classroom, The problem
was one of time and nunbers. Students needed to work
{ndlvidually and to récelve {ndividualized aid and attention, In
the typlcal classroom the teacher has too many students and too
1{ttle tine to allov extensive Indlvidualized attention for each
student, Only a very small amount cf {ndtvidualized attention in
all subject areas is possible.

Another unexpected practical problem occurred In classes.
The units depended on kits of supplles (batteries, bulbs, wires
and other thinga), Wren the “second” use of material occurred,
conponents vere nissing or equipment needed attention, Batterles

wear out, light bulbs buen out, things get lost. Keeping the
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kits working was a sizable logistic chore; a listing of the
"batterles and bulbs" supplies cccupled a full page. Teachers
became disenchanted with kits, and even schools that had the
materials found them unused by the teachers, Again, there were
exceptions, but this was the typical situvation.

Even if the materlals had worked perfectly In classrooms all
over the country, within a short time after their development the
problem of other people in our soclety still exists, If one
gtarts at the elementary school, it takes a perfod of forty to
sixty years befote “everyone” has the new concepts, The problem
of sclentific literacy 18 not only problem’of elementary school
but 1s also a problen throughout our educational system,
1nq1ud1ng atult education,

The net result of milllong of dollars for curriculum
developnent and in teacher training was disappointing. The
problen of 'sclence Literacy remained. The excellent curriculum
{deas could not be applied to the existing situatlon in schools.
This {4 not tovhay that the materials did not work in many cases.
Indeed, when a teacher understood the intent and w;a willing to
wmdmedwsum,memmﬂdswmvuyahQWm But
thelr total {mpact on education in the United States hag been
vety small,

Science Literacy via the Computer

Our group at Irvine becane interested in this problem
several years ago, It seemed an excellent opportunity to use the

conputer for a major Instructional problex. that so far has been
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intractable using conventional pedagoglcal strategles. Computer
| developnent in this area need not start from ground zero, but
could be based on what hed already been leacned in the existing
projects, The advantages of the computer, providing an
interactive exper{ence for each user and {ndlvidualizing the
experlence to eacg user, were missing in the typical Anetican
classroom when the matetials were uged in their conventional
node., _

For several years we were unsuccessful in €inding support.
Finally in August 1979 the Fund for Ehe Improvement of
Postsecondary Education awarded $200,000 to develop computer
based scientific literacy ma urial, We decided, given the
emphasis of the Fund, that the major testing environment should
be the public library.

The choice of the public 1ibrary as our major aren: for
formative evaluation was carefully considered. HWe wanted our
units to work for all students, whether those students had any
previous experience with computers or not, MWe were also
interested in future widespread use with home personal computers,

We were very concerned with motlvational issues, The
library funrishes a good place to determine where the programs
"lose" people, lose their attention, When tested In classroom
environnents, the Gtudents are obliged to continue even if the
unit no lenger excites them. No such pressute exists ina
library; a student who loses interest will get up and leavel So

simple data gathering could show us where the programs were
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motivationally weak.

The modules developed In this project have been well
degeribed {n other literature, so no attempt will be made to
descilbe them fully, As of this writing, they are in final
development stage, modif{catlons performed after the testlng,
Approximately fourteen hours of material concerning sclentific
literacy are avallable, assuming an average student uger at a
display, Howéver. out experlence in the public library testlng‘
Indicates that a given uger would often run a program many tines,
coming back day after day.

One of the units concerned batteries and bulbs, as already
described, We were fortunate to work with several people who had
great experience in using this material with students at a -
vaciety of levels., Among those involved in developing the
materlals were Arnold Arons (University of Washington) and
Francls Collea (Califcrnia State University, Fullecton). So e
were able to beneflt Erom the experience of the earller
cutciculum developmant projectﬁ and from the experlence of
teachers who had used the material extensively,

1 have already suggested that the best possibility for
batteries and bulbs is for readers to see the materi.l on the
computer, For many this is not cutrently possible. Hence, I
describe thé unit brigfly.

Bach of the eight modules occupies about fifteen minutes of
an average user's time, The user may move between these modules,

and gometines the program {teelf will suggest or enforce such
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novement. The material Is highly interactive. A group of uvaers
estimated that fifteen seconds elapse between typical student
Interactions. So this is {n no sense a lecture or textbook
environment, but rather an interactive environment, As far as
possible studente are asked to come up with the important ldeas.
If necessary, they are given par;lal help g0 they can still make
pact of the discovery,

We decided to slmulate batteries, bulbs, and wites on the

computer, It Is not yet clear that this 1s a wise decision, In

another module we do require equipment at the display, But glven

the difficulty with kits and our deslre to have these materials
ton In schools, libraries, otherpublic places, and homes, it
seenad dnsirable to simulate equipment. We hope that we and
others will compare exparimentally the advantages and
dlsadvantages of using equipment. ‘

The first module, as with the original unit, has as a goal
the lighting of the bulb, The battery and bulb are displayed.
The user points to places'to attach wires, and they are drawn by
the computer, At Elrst the only teedback the student recelves is
bthat the bulb lights or not, except that we do point out short
clrcults, The program keeps an Internal record of how the user
has been proceeding, If succass Is not attained in a reasonable
time, very sbeclfic ald 1s glven by a "tutor’ related to the
Istudent performance thus far, As with other parts of this
program, eventually success is assured for almost every user,

although it takes a longer perlod of time for some than for
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others. We follow mastery learning ideas, assuming that everyone
will 1lght the bulb through empirical efforts.

The b2 module 15 a nonpetency based test to see that
studeﬁts who 1ight the bulb really understand what must be done.
1f necessary, as demonstrated by the tests, other aid on the
formation of simple circults {s glven to the student, Students
do not view this as testing plus remediation as perhaps an
outsider might. Rather, the student sees [t as simply part of
the process of learning with the computer dialog.

In the third module we start with another empirical
investlgatioq, placing various objects within the clrcult to see
whether or notxthe bulih lghts in each case, After some data ls
available, the $;de switches and Students are asked to make.
predictions about whether the bulb will or will not light, The
emphasis on predlctioﬁs {¢ very strong In the sclentific literacy
nodules, Thus, In the last part of this program many predictions
are based on the model of thgmgircuit behavior Introduced.

Other modulgéﬂékgé;eaw;; ée;;E;p the model, agaln based on

enpirical {nformation, We avold vocabulary untii there 1s some

reason necessitating the use of a term. The terms “current” and

. “resistance” are introduced {n this fashlon,

Wil batteries and bulbs and otﬁer modules we have developed
concerning Lssues of sclentifle literacy solve the major
educational problem raised? Does the materlal do what it Is
supposed to do? Unfoctunately we do not know, We are convinced

{t will work with very general audiences, based on our 1ihrary
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Our information interviews of students who hage uséd
lal, conducted by skilled evaluators, indlcateé‘khat at
many cases students do succeed. In almost all cases the
are happy with the material. But no full-scale
n has taken place.
following conversation between a student and an
- is typiéal.

W at the beginning ynu were just doing some experiments
, trying to light the bulb), and now at the end here,
are answering all of these things right. I think you
|1y learned eomething.

3 fun. It's better than in science, because in science
ere doing this stuff and it was boring.

. were you doing In science that was 80 boring?

, we were doing positive and negative charges and stuff
 that. And it really wasn't fun. But this teaches you
; 1t lets you try again and again. And it's not going
jrade you or anything; it justiyives you a lot of

ices, I think i{t's better.

| more extensive testing wou{d be needed to determine

n students’ knowledge about the nature of rcience.

her factor must be considered. These materials, no

w good, will not solve the original instructional
inless they are very wléely distributed. Au the present
. is not happening. We are currently talking with

digtributors about the marketing of these materials.
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Succéss clearly will depend on their wide availability.

HWe believe that these materlals are very promfsing,_
consldering the problem we began with and the previops
experiences with that problem. I do not see any other approach
to the problem which has the potehtlal of being go widely useful
as this one. I regard this case as typical of many of our major

educational problems.
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nd Information Technology as a Learning Ald
onference of the Centrum Voor Onderweljs en
echnologle )

Technology Center
of Callfornia
{Eornla 92717
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1)

» pleasute to return to Nolland éo both renew old
'3 anc to partlclpatg In the opening of your new
the computer In learning. Centers of this type are
 important in the world and Holland la to be

)t moving In this directlon.

puter will become Lhe dominant’ way of lestning In our
& relatively brief period of time. That 1a, more

e near future will learn mors things from comcaters
y other learning modes, lrcluding books and legturéa.
e beglnning of merlous development of computer based
erlal.

In this paper I look at some of the key

lved In this masslve chdnge in our educatlonal

_Schoola

let me note that computers ate appeating véry rapidly
11 over the world. The most rellable Elgures from
tates, from the National Center for Xducationai
ithin the Department of Bducation, suggest that at
e are approximately 150,000 personal computers {n

he Unlted States, about an average of two per school.
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‘tremendous deterrent,

The rate of purchase {n approximately 100,000 pe: year, %0 this
nunbef will be Increasing rapldly. In rerent years, roughly
npeakinq, the number of computers {n schools in the United States
has doubled each year. Thér? is nothing remarkable, however,
about the United States data. 1 understand that In England at
the present time, tor example, there are between two and three

computers per school . While {n the ynfted gtates many schools

- 8t111 have po computer, perhaps half the achools, in England jt

Is the government policy thnt\every school should have gt least
one.

What happens when these computers appépr In the schools 1a
not necessarily favorable untortdﬁétely. T;o major problemn,
problema which will be lnportani in much of what I gay here,
affect this. First, oxtremely little gnod currliculum material
employing the comgpter is avallablz\ This {8 true whether one ls
looking at the teaching of proqiunmlng. the teaching of broader
aspects of informatice, or whether it ls using the computer and
aome formal computer based learning materisl to learn some

subject ares not necemaarkly concerned with computers. The lack

~uf flest rate curriculum material Involving the computer ls a

Although much 1s now commerclally
avallable within the United States, thls material can only be
characterized overall as poor and often trivial.

The second major problem tq‘be consldered {a related to
this. Not only ia little decent learning materlial using
computers of any kind available, almoat all the teachers

currently in schools and all over the world have 1lttle
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nce with compu::}{! particularly little understanding of
computer {s used ;ﬁ learning sltuatlons. A teacher whose
mputer hackground w;:\hurlnq a brief workshop or some
erfod of time ls poorly prepared to teach programming

they have likely picked up a style of programmirg Fhal
0_resemblance to good modern programming, and Ehey often

anguage that ghould not be used.

r_Advantages

have argued {in Learning with Computers, Digital Press)

e computer is a very powerful aid to learning in many
Although I do not intend to make a full case, it g

nt to mentlon Ehe mafn advantages of the computer {n

on.

regard the most Important advantage as interaction. The
r can provide frequent and highly relevant feedback, based
tly what the student has been dolng. Questions can be

d responses can be carefully analyzed, all within the
everyday language of the student. As numbers have

:d In our educational systems, we have been less and less
afford a highly compentent tutcr who works with one or
three or four students. Rather, we have moved toward
>duct lon methods, where gtudents play a passive cole in
'ning process.

- the first time by usling the computer we have the

ity of providing an Interactive education for everyone,
- the chlldren of the very wealthy. Thls {ssue ig
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extremely Important, not only in the developed countrles of the
world but {n underdeveloped countries which need to make rapld
Improvements In thelr educational systems.

The two key issues {n {nteraction are how frequently the
gtudent does sometliing and the quality of each of these student-
learning {nteractlions. Not all interactions are equally useful
fn learning. Thus {n our activitles in the Bducatlonal
Technology Center we avoid almost entlrely the use of multiple
choice, even in quizzing situatlons. We consider this to be an
unpleasant form of interaction, one that has many negatlve
aspecteé in learning situations.

One consequence of {nteraction {s the posslbility of
Tﬁdlvlduallzlnq the materfal. Most learnlngjmaterlal delivered
today in books, the typical classroom sltuatlons, treat everyone
the same. But one person may want to move through the material
at a different rate than another person, or one person grasps the
materlal qulckly but another ne=ds other pedagogical strategies
to understand what 1s.huppenln9 besides the one used initially.
Some gtudents have weaknesses in background. Thus a student In a
science class may not be able to use, {n a functional sense, gome
critlcal mathematical technique. Llp service is patd in
education to the notfon that different atudents liarn in
different ways, but unfortunately our current learning structures
do not permit us to react reasonably to this. The computer,
because 1t Is fnteractive and therefore pays attentlon to what
the atudent s doing, can with well developed materlal
Individualize the learning experience.

-4 -



er, examining the computer in educatlon, wil) be
marlly with computer based learning, However, I

It clear that this simply 1s & restrictlon in

a philosophical position. The computer can be used
In learning situations. We have alreudi mentioned
of progcamaing and the leatning of Informatics.

0 very Important tool-llke uses of the computer,
employing word processing systems. In all theae
urriculum material 18 necessary for effective usage.
ncentrate, as {ndicated, on computer based learniny.

of Computer Based Learning

.

e briefly geveral sxamples of the computer as a

ce. The examples from the Educational Technology

Univeralty of California, Irvine, show learning in

at two levels and different techniques. The first

out six yeara old, a beginning quarter of physics

nd enqlneerln§ majors. Students are offered a

on-computer veraion and two computer versions which

tent. About three-quarter3 choos» :he computer.

ne follows a mastery organization. For each unit

as 8 list of learnirg resources and a description of

learned. Btudents cannot contlnue to the next unit

ve denonﬂtrated; through on-line quizzes taken

omputer displaya, that they know the material in a

rfectly. FPour hundred students In the computer

hout 15,000 qulzzes {n the ten week pertod, with che

roting each quis uniquely and giving immediate
-8 -
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feedback. ALl the record keeping and much detailed ald to the
student, ald which s highly relevant to an error that the
student has just made, s avallable. Btudents agree almost
unanimously that the quizzes are learning material. Testling
becomen a learning mode. In a mense, the tests ate the coutse,
{n that the& are the major learning facility Eor almost all the
students. Thle way of organizing coursen ls possible only with
the computery it has considerable promlee. It gesembles the
situation of pre-t;atlng and post-testing, except that the two
forms of tests plus the leatning all take place with the computer
besed [ormat.?

The development of this material was funded by the Nationnl
8clence roundation.

The second set of computer based learning modules concerne?
sclentlflc 1iteracy, the nature of science. It 18 aimed at a
broad audlence; from young children through adults. The materlal
has been widely tested {n schoola Erom junior hlgh school through
universlties, and within publlc 1ibraries and aclence museums.

Nhen the sclence literacy unito are used In the llbrary no
one |y theze to "help” the student, with elther the computer
wctalis or with the subject details. Thus the materials are
corpletely self running, and therefore also sultable for the hdﬁe
environment. The dominant pedagogical approach for the Iiteracy
materials was suggested by Robert Karplus a numbor of years ago,
the leatning oycle.” Karplus derlved these ideas (ioﬁ-hiﬁ>htﬁ6}
of Plaget In connection with the Science Curriculum Improvement
Study materials. The learning cycle suggests three stages {n the
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 process., The first {s experlentlal; the students have
ces which lead to better Inslght and which prepare the
the more fcrmal learning activitles of Ehe second phase.
hird phase students demonstrate what they know through

or some oth.r way and recelve additional help it

y. The student should also be able to apply the ldeas to
eag. Karplus gsees these three features as essential to
.

re are s8ix units avallable, each taking a student

one to two houts to complete on the average. EBach of the
has a subject area In sclence and mathematics, but, as
d, the emphasis {3 not on the subjecf matter ftself. The
e broken Into flfteen minute modules, so the atudents can
yund within the materials. The project was funded by the
" the Improvement of Postsecondary Educatfon within the
:nt of Education In the Unlted States.

» Educational Technology Center develops many types of

s, such as the two Indlcated here. We algo are Involved
yech In using the computer more effectively in education,
1150 conault with schools, universities, and companles on
- based learning. Some of this consulting involves the
)8 to traln pecple to prepare such materlal.

lon of Computer Based Learning Materials

ey factor for the future will be a system for producing
Jh quality computer based learning materlal at reasonable
matable costs, One of the dlEflcultles with so much of
:r{al available at present is that material ls produced by
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cottage industry procedures, and therefore often does not reflect
the standards necessary for good learning material.

The major polnt to emphaslze {g that developing good
computer baged learning materfal 18 fundamentally no different
from developing good curriculum materlal of any type. Thus to
make an educational film or to wrlte adequate text materlal ls a
long, difficult and expensive process. It i{s foolish to believe
that there are short cﬁta to develop computer based learning
mater{al which would make {t ~ych cheaper that other competently
done material. Many of the detalls of producing adequate
computer learning materlal are afmilar to the detafls assoclated
with other curriculum developments. Thus the pedagogical
development stages and the varlous evaluation procedures are
similar, no matter what the medium ls, althoygh we will point out
some differences.

In understanding the ....lon of computers fn eduéatlon, 1
find it {llumlnating to consider the history of textbooks.
Textbooks revolutlonized education, changing tﬁe major learning
mode In almost all areas. Like our current intereat with the
computer, the textbook was based or a technological innovation,
the invention of printing. 1In the early days of the printing
press {f a teacher wanted to use one of these new fangled things
called a textbook, the only possibflity was to buy a printing
press and a set of type (undoubtedly the teacher was told that
there was an easy way to use the printing pressl) and to proceed
to learn the art of printing. The teacher was probably not very
good at thls and anly produced a few rather mangy books for use
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the teacher's own c¢lanses. Bvcntua}ly a system
d an Industry developed around that system which
necesalty for teachera to use tha printing press.
hor of a book s usually concerned just wlth Ehe
detalls as reflected In the prsparation of a

A veryvalnlla! situation exists witk the computet,
ose poarallels,
ake a few brief comments about the stagea Involved in
ood computer learning units.
lcal Deslgn ;
>rtant aspects must be conaldered in connection with
Jealgn. The Initial planning session nay,involve
11 over the country, engaging in a bralnstorming
'y creaty a specification document for each of the

¥ developed. 1t le Important that research on
teaching in the subject area be examined. For good
iterial we want to employ the best people In the

'y. This deslgn specification can be sen: out to
l{viduals who did not draft It for review and for
iprovement.

the detallad pedagogical specitlcation of each unit.
do this In groups of three to flve Individuals. One
' In the group will be highly competent teachers who
 experlence not only fn teaching theory but also in
ndividual atudent problems. One other person in the
eflect the research background, and.another person
hly experienced in producing computer based lesrning

7
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material. In the case of the Bducatlonal Technology Center this
last person s usually a gtaff member of the centery other people
Involved may typlcally come from outside our group from other
locations.

We £ind 1t desirable to do the deslgn work !in Intenslve one
or tﬁo week sessions In pleasant lsolated lecations, avolding .
constant Interruption from telephones or other pecple. We want
our desquatu to concentrate {ntensely on the actlvity. .1 will
not discuss the atrategles we use for recording the results of
the deslgn group. The speciticatlon of the ints can be glven to
the screen designers and coders in the next stages In the
process. This document can be revlewed ax with the preliminary
deslgn document. . That la, 1t can be sent to others with
lnstrqctlons on how to read 1ty changes can be made based on the
Buggestions received.

Some tralning of the detalled design group 18 needed,
usually the tirst morning. The critical aspect 18 to understand
the nature of the computer as a learning medlum, mostly by
looking at many examples of good and bad practice. We do nok
beileve it s valuable to teach these people anything about
computer languages whatsoever) the issues of the technical
detalls assoclateéd with computers and the lssues of how to uae
the conputer effectively in a padagogical sense are untelated.

Nothing has been coded In thia stage. One of the keys, we
belleve, to etfective mateflal is to peparste pedagogical {gsues
from technlcal or coding lsmuea. The issue of how 1t 18 to be
programmed shoutd not influence the pedagogical deslign, the

-10-



factor in producing high quallty material. PR

een Deslqn
lmportani‘aspect of computer units is how they are
:d on the screen, both in space and time. The

oce, in some design groups, may make detailed deslign

ons, b+t these suggestions usually.df nnot give a complete

ation of the screen. Instructors, lpdeed, may not be the
ple to do It, Ideally, a good qraphlc designer,
2 to educational fssues, should be lﬁvolved, working with
lve software particularly prepared for such individuals,
en, however, if our prajects at the Educational
y Center, we have not been able to afford such a graphic
- In such a case, a series of general principles will be
such as the following: ‘
Use blank space freely--it is free on -omputer systems.
ﬁemove any information not needed-~-the screen should
history of what has happened in the last fiv. minutes.
Use as much visual information as possible to ald the
veak on understanding verbal information.
Use timing and other devices to streas key words or key
Thus a key phrase might blink.
Use timing to aid readability. Stop when you have
r questlon marks. 7
U§e short lines to avold reading errors.
Keep the natural phrases together on the lines, {f
- rather than spllitting them across several llnes.
Use a variety of textual styles, such as the occasiinal

- 11 ~
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use of a text which is right justified bht not left justified.

Screen design furnishes another stage where review and
evaluation can be important, That is, the screen designs,
created on-line by the designer, can be reviewed dlrectly at the
screen by other dealgners, and they can suggest changes to be be
made.

3. Hriting the Code

The next stage In the development process :is to write the
necessary programs to carry out the logic indicated in the,
scripts produced in pedagogical design. TIf there has been a
separate gcreen designer, it will be not necessary to enter text
materfal ap that will all be present. Simple graphics wlil’dlﬂﬂ“
be done, but the coder may need to do comﬁlex graphics such as
that involving animation.

The basic principle in coding is that, as thege are large
complex programs which will need to be modified frequently (in
the formative evaluation stage to be described late!). and
poseibly transferred %o a variety of machines, it 1s necessary to
follow the best practices of modern software engineering. I do
not review those practices in detail, since they are amply
deacr ibed in thé programming literature. Unfortunately, most
computer based learning material deve}opers seem to be comp}etely
unaware Of these practices and so a number of unfortunate '
directions have become common.

Programns should be i ritten in such a fashion that they are

a8 readable as posslble. They should be written in a highly

modular fashion. They should be amply commented. Varlable names
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aningful, Data types should be carefully mpecifled
e natural to the area lInvolved.

| any‘other well done complex coding activity, codes
signed, P!fhﬂpé by the use of such devices ac .
nérts. before any actual coding 1s done. This deslgn\
wed and Improved before the coders themselves wptk.-
ar will probably have seve. ;1 dl%ferent coders

 one of the Important aspescts +c this !nitlal design
nate thelr actlvlﬁlel and to assure that the

tween tﬁ;lr worke are approprlatd. htter it 1a

\g should be reviewed, again lollﬁulnq good modern
standards and revired.

hese factors, almost any knowledgable computer

uld snggeat that the proq!nn.ln§ should be done

f the powerful higher level ut(uctured programming
(utrently our materfals In the Educational Technology
11 coded within ucCSD Pascal; & vaclant of Pascal very
tsonal computers. Other good possibilitles, although
at present for this pucpose wnuld be Modula 11 or
rticular language used 18 not as important as the

2 1anguage reflects modern programming standards) At
ar 1€ 1t 18 not used In satistactory ways, the
nproving the materials and tranaferring them may
rountable for an extensive set of leqrnlnq materiale.

procedures are useful In helping the coders here.

, we £ind exi¥tliig Tanguages extremely weak on the
jJanlzing the screen, and o we found 1t necesaary to

.13 -
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augment Pascal with a whole set of procedures for this purpose.
4. Revlew Evaluation of the Running Program

At this stage we now have the tlsat cunning péoqram; Two
typen of review and evaluation actlv}tles are critical at this
stage, the {nternal te;lew ot'the qﬁferlﬁl and an external
tormative evaluation. /‘

In the intecnal review the";terlal will be;ruﬁ over and
over by staff members of the hg&ject. They attempt to Elnd out
where the program does not wogé'by trylng many alternitlye
branches. They will also see where the pedagogical ideas which
seem good In the discussion group and on paper do not neeﬁ to be,
adeduate In an actual runninq program. Emphasis on lmpro;ing ‘the
Interaction s important at this staqo.. Uauslly the program will
go through inny veralons because of Internal teating betore 1% Is
avallable for full-ncale testlng with the tacget audience.

The fornaéivc teview proceas is the Elrst time that the )
unite are used by the people It Is intended for. The formative
evaluation ls pechaps the most critical of all the stagen, except
for the *atalled pedaqoqlcnl_donlgn. in asauring the even;ual
eftectiseness of the materlal. One of the great advantages of
computer baged learning material 1a that it 's still possible to
make changes at this polnt because computer programs can oe
easlily changed If they are well written. With books, for
exanple, change s almost Imposeible after the book 1s printed.

The computer can collect much of the infarmation in this
Initial testing with typical students. 'The student responacs caﬁ
be stor.d selectively, and 8¢ we can find vhere the program la

- -



ponafve to the student language. The students can be
to make comments. We can keep datz on different paths
hrough the matecial. We can do testing on-line to
ne what the gtudent has learned.
her evaluation procedures are also useful. A skilled
or can Interview students or can observe students'
r. Detalled studies can be conducted using videotapes of
s using the materials. ’ : |
veral cycles of‘formatlve evaluation are\useful. Ao
ing numbers of students are used in each cycle, the
ions may becote éulte expensive, so budgetary
rationa may restrict how much may be done at this stage.
¢ flnal summative evaluation I8 & more dlfficult issue.
mmative evalutalons are expensive. They should be done
the initial group by competent evuluasors and with
e funding, so that sizable numbers can be involved in
ests. They should also not be performed until well after
erdals are developed to allow the maturlng of the product.

ng_Lanquaqes_and Systems--A Falae Directica |

fore ler 'ing the fssves of producing computer based

g materfal, I wlsh to contrast a aystem of the type just
ed with another ccmmonly used syatem which, I would argue,
n one of the main deterrents to pfoduclng effective

1 based learning material thus far, the bsé of apecially
d authoring languages or authoring systema pacticularly

h materfals.

ndreds of millions of dollars. and perhaps even billions
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of dollars, have been spent on developing such systens, With few
exceptions, languages with large finarclal - ~rort (such as
Tutor) have been used In writing materials, nat alone should
indicate that something is w.ong with the approach.

The Initial philosophy beyond many of these languages is a
"Renaissance man" phlloﬁophy. Instead of the careful eeparation
of tasks by using peoplé nt different abilities necessary for\the
type of production system envlsfoned in the last section, one
person does it all. It is as {f we were back to ownlng one's own
printing press and preparing booksl Developing curriculum
material §s a complex activity and cannot reasonably be expected
to be carried out by a single individual, regurdléss of the
medium envolved. Inavitably the pedagoglcal issues become, in
authorind languages, confused with the necessities of programming
and the primary decisions are not made on pedagogical grounds.

Although many of authoring lanquages and systems atart with
this single person philosophy, some recognize its limitations and
begin to use a strategy more llke the one reflected in the l;at
section. Then the author no longer uses the system, but geparate
{nd.viduala are involved. Then the cbjections to the authorlng
languages and systems become quite different. They are then
ptogramm!ng languagea and they can be evaluated as programming
languages, the same modern criteria we would use for evalqatlnq
any other programming language. The authoring languages Qnd
systems are mainly very primitive as compared with modern '
programming astandards. They do not take into xccount what is
known in modern goftware engineering.

- 16 -



ler, for example, Tutor. Tutor I8 an old creaky
lating from about flfteen years ago. Its structure s
' that of an aamembly language macre language, with &
l, a command tleld, and an argument fleld. It has a
- ol very compiicated commands, over two hundred. HNo
| language deslgner today would ever develop such a
Yet Tutor has been the most widely used of all such
anguages and probably almso the most widely lnltatgd.
utho: ing languages and systems allow one to uae
ogramming languages too. When this la the case, then
belng done within that languace ceally does use a
nguage, 80 the suthoring system becomes leis and leps
In the early days of Coursewrlter 1 looked at an
progeam {n physlcs concerning Gauss's Law. HRowever,
the code, supposedly written In Coursewriter, I
90% was In Assembly code for the IBM 1500.
lrg tanguages and syatems are often particularly weak
n, a critical aspect of development. Indeed, with
m the only possibllity for revising a section of
to redo lt. The facllity must be recreated on each

» often an expenslve job, so transferabllity is not

ally a language for computer based leacning must have

m all the capabllities of a general purpose language,

et ends up recreating a general purpose programming

th a few additions. It makes sense, thsrefore, to

e other eud with a go-r language and add a few apeclal

- 17 -
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capabliltles In the form of procedures.

Hany of the developers of authoring langusges an systems
are not highly expe {enced with learning material. They often
have a slmplifled view of how the computer can be used In
learning, and the language they develop Is restricted to that
almpiified view. As the view expands, under preasucre of new
msterials, the language may be extended 1f funds are avallable.

_But then it bacomes clumsy, as these new features were not taken
Into sccount In the Initial faclllty.

There 18 a tradeoff, too, batween how eapy the lanqguage is
to use and how restrictive it is on what It lets the authoc do.
Thus, languages that are advertised as very simpls, easy to learn
by everyone, can usually only produce the most trivial material.
This will become boring even within a single long program. Gilven
the Euture needs for sizable amounts of computer baged learning

mateérial, authorlng systems ace an unfortunate directlon.

I now wlsh to move from this discusslon of the current
situation to conrlder the Euture of computer based ieacrning
materlal. In an acea where the technology itself s changing
rapldly, it is particularly Important to think ahead.

lugure Haidware

The computer, particulacly the personsl computer, 1n
evolving very rapldly. Computets are not only becoming cheaper,
but their capabllities are Increasing rapldly. New systems v:11

_not neceasarlly be cheaper than they are today. vendors will
glve us roae balonze between decreasing costs and Increasing

- 18 -
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ity. Central procesaing chlps are becoming more complex

ter, as we move to larger finstruction size and larger data .

Memory §s also becomlng cheaper anc more compact.
rtaln new facilities for the computer are Important In
lon with the future of -educatlon. Some are alrmady
1e bu. nécd to be Eurcher refined or myde more available.
are future possibilities, exlsting to some extent in
h laboratorles but with much still t> he learned.
lce output Is already available today but needs further
A varlety of strategies--analog storaqge, dlgita. storage
netic recreation are in use., Except for analog sturage,
ces still have an artificlal sound generally not desirable
catlon. . Volce 13 important In the learnlng process, so
volce output will be of rome value. Mueic, particularly
{vational purposes, will be useful.
aphlcy is atlll relatively crude, although typlcally
le on personal computers. We can expect muchk better
s--more cholces of color, resolution, shadlng and
ty control and even general purpoge anlmation 8s personal
18 begin to use speciel graphic chips or use more powerful
nd more memory. Text too needs to be 'mproved beyond our
rather crude text; choiées of font and slize of text
be available to the designer of computer hased learning
1.
tworking, at the local level and natlonally, s just
g the stage where it {s practicel. For years we have been
about thke ethernets, ané they are sapetlmee commerclallf

- 19 -
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avalilable now!

The combination of the optical videodisc with the computer,
which I referred to mruy years ago as the intelligent videodisc,
{3 a curious one. Although this technology has been around for
about a dozen years, and although mzny people have recognlzed {ts
potential In education, It has been so far relatlvely little used
for the development of educational materfal. Much of the
material tﬁut has been developed, parélcu!arly for industrlal
use, 16 relatively crude, with very weak forms of Interzction.
Full multimedia 18 an Interesting possibillity, and undoubtedly
one that will be pursued further In the future.

Other forms of input will undoubtedly be developed.

Painting Input ls becoming more common and undoubtedly will be
.mproved. Voice Input !s possible for dlscrete apeqdh but still
is beyond our capabllitles for continuous speech. However, it is
belng vigorously pursued In the research laboratory. If we can
solve the problems of volce fmput, we may not need it, since from
the computer's standpoint the analysies of complex volce patterns,
and the analysis of complax brain wave patterns, are not
necessarlly that different.

Hhere Will the Curriculum U~Its Come From?

If we are to move from our current state where the computer
i relatively little used in learning, almost at the level of °
trivia, to a state where the computer l; very heavily used, we
need to ask where the new courses and curricula will come from.
The production system outlined is Intended to be adeguate to
produce sizable amounts cf curcriculum materlal of hligh quallty.

-20-
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ot lssues are Involved.

ducers

1 produce this new computer based learning material?
nt tlme some of It 13 belng produced by {ndlvidusls,
unlversity professors, and other materials are belng
hin companles, textbook companies, comemter vendors
anles which have been devaloped patticularly for thic
other possibility is the development of natlonal
haps with government gupport, foiu suzh developmental
The Carnegle cOmﬁlssﬂon‘report‘abouz * iozen years
srth Revolution--Instructional Technology in Higher
roponed that seven such centers should be

in the Unlted States and that they should recelve one
‘e total budget for higher education. Buch centers
tically unlikely within the United Btates, but they
possibilities within some other countries.

regts of the publisher 1s in protecting existing
arkets, so many publishers are already iaklnd

n this leectlon. But thuy remain relatively

Wt how to proceed, fearful of making mistakes in an
ttle marketing data or experlence is avallable.

uter companies, too, are fearful, but per’ ps less

' they are famillar with the technology, They see

n of computer based iearnlng materisl as a way of

n that more hardware 18 sold and of developing

t In software as the cost of hardware contlnues to
tlally there were some alleglances betweeu
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publishers and computer vendors, but the Interests of each was
ditferent. So such companles are often not satisfactory.
2. The Distributors

The lssue of who will distribute the materials is a

"differeny insue. ALl the same "players” already mentloned ace

"possible, but a glven group might geclde to play a role elther in

production or in distribution or in some cumbination of the two.

Dlstribution brings In questlons of protection from copylng,
elther through technical meane or through legal means. We do not
know 1f the copying of computer based }narning matsrlal will be a
serioun problem or not, gince our 'xperlences are 5o pmall. We
do know, howuver, with other kinds of software, that a market may
exist In splite of copylng. Bpreadsheet programs have sold well
over half a milllon coples, slthough they are on floppy discs
that could be easlly copled.

3. The Home Market ’

In consldering educational materlals, it is very Important
to take Into account the growing home market.. The home computer
will need a variety of applications oriented progranms to make it
marketable. One of the categories in which such materials will
be developed Is education. Products of this type will be widely
avallable and will affect what happens in the scliools. There may
be products usable in both home and school. e

Educational Institutions and Orqanizatlons

It 1s Impossible to imagine a change of the magnitude
predicted here, the computer becoalng the domlnant educational
delivery pystem, without anticlpating massive changes In our
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schools and universities. These changea are not likely

r from internal pressur=s, as educational institutlons are

servative, slow to change. Even educational lnstituilions
tavor of changes promote relatively trivial changes that

fundamentally affect the institutions. We can expect, due

current severe problems In education, including both

al and public opinion difficulties, that very strong

l pressures will encourage change, particularly regarding
of the computer. These changes will be particularly

ated In the United States if sueh radical systems as the
gsystem come into widespread use.

already seoe-a-number.of-nontzaditional ways of organizing

itles. The most interesting arc learning at & distance

-{ona, such as The Open University In Great Britain.

2xiating lnstitutlons tinere will be changes, pacticularly

vay the cou;ées are run. The notion that a course should

ff?eﬁ'iﬁﬁﬁgl of time will probably vanish as flexible,

1alized computer based learning material is becohes

le.  Computers will be more used in schools at all
Changes in grading systems  made possible by the fact

h more is known about the student and the student's

3, may well happen, shifting from ncrm-based grading to

icy-based grading,

ls quite possible that with the new lcarning materials

111 be a shift in the arena of education. That is, less

on wiil take place w!thin formal achools; and more wiil

ice either in public environments, such as publlc
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libraries or the home. The learning at a distance institutions
already represent a move-in this direction. Not all education
will move out of the school, but certain components are good
candidates for such a move.

The Future--Good or Had?

Although it seems clear, for reasons not fully discussed,
that the crmputec will become more important in education, it is
not yet clear whether the computer will improve education,
helping to overcome svme of our current problems, or whether it
will lead to further deterioration in the educational systems of
many countries. The effectiveness of the use of the computer in
education may be aﬁ important factor in determining which
countries will gucceed in the future.

Theré ‘s nothing magical about computers. Like all
technological developments, the computer itself is not good oz
esll. Rat ~r it is the way it is used by humans which is the
critical factor, in education or elsewhere.

The poor quality of much existing comi..ter based leacning
materjal and the widespread acceptance of this material by
teachers and administrators gives us cause to worry about the
future. If publishers distribute third-rate material and this
material is eagerly gobbled up, publishers have no Incentive to
develop better material. It is crltical to educate teachers to
understand the qualiiy of the materfals, to look at computer
materials cfltlcally, just as they might look at other kinds of
educatlohul material.

This materlal Is "reviewed" to some extent today. Most of

- -
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these reviews are In magazines which are heavily dependant on the
vendorr for advertising. So it {g nat surprising that moast of
these reviews are posltive. I cemember gseeing a review, for
example, recently about a new Fascal. The person had just
studled Pascal and had taught BASIC for years, hardly the parson
one would want to review Paacal.

If we are to move tovard & better Future {n education, we
must look at new ways of organizlng our entire educational
ayatom. Yet relatively few much visione of the future are
avallable, and the vast majority of teachers with computera have
no view o[’where they would 1i{ke education to move.

_ One view that I recommend to readets is In George Leonard’'s

book, Educatlon and Ecstacy. Two chapters portray a school at
the beginning of the next century. While the technology that
Leonard portrayed has been to some extant sucpassed, becanse of
the qulck rise of the personal conpu:er: the educational ldeas
are worth looking at. -

This presents only one view of the future. It {g hoped that

teaders will develop their own visions and that they wiil take an

actlve role in moving us toward a better educational system.
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THO EXAMPLES OF COMPUTER BASED LEARNING ON DERSONAL COMPUTERS

Alfred Bork

Educational Technology Center
Uniersity of California
Ttvene, Callfornia 92717
(T14) 856-7452

August 17, 1981
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hlfred Bork, ls professotlof Infornation and Computer
Sclence, professor of Physics, and Director of the Educational
Technology Center, all at the Universlty of Callfornia, Irvine.
The Educational Technology Center l= Internatlonally known for
its developnent of nlghly Interactive graphlc compufer baged
leatning materials [n a varlety of levels, subject areas, and
modes.  Bork Is the author of Leat -ing with Computers, available
fron Digltal Press (Digltal Equipnent Corpcration, 1981) and of

forthconiny Parsonal Computers in Education, to be published by

Hatper and'Row, in addition to many ar;lclea and other bocks, - "~

),
This paper concentrates on two exanples of computet baged
leaning, both developed at the Educational Technology Center at
the Universlty of Callfornia, Irvine. Both ace Intended for a
~ very wive audlence, but have been prlmacily tested with junlbr

high, high school, and university students, Both sets of medules

Yy

cance+n {mportant educat]onal p;oblema, protlems which have
proved d{€ficult to solve In anf other way ip our educational
systen. The products are essentlally complete; all the materlal
can be napected on developmental systems. We are cufrently
moving these units to delivery systens,

The two projects address scientific Literdcy and with alding

students to become formal reasoners. The flcst ls supported by

the Fund for the Inprovement of Post-Secondary Education and the

second by the National Science Foundat‘on.

Both projects, In additlon to extensive tez.ing in schools,

- have also been tested of public environmenta, prlncipall} n—"

public Mbraries and science museuns, The podules are degigned
to run entizely self-standing, with no teachers, print materlal,
or other alds available, In the lbrarles, the computers are

slaply. sltting there and Ubrary vigltors cone up and beglr to

Interac, wlthlyhe computer.,
Thus the mhtetials nust maintaln the Interest of the
vlewers; they nust be be sfrong motivationally, They do not

requtre-any*apectat“knowledée about conguters, as anyone coning

have any hidden asaumptions about what ls necessary to understand

the subject matter areas but must accept all students where they

ate,

.- A typical module lasts, with the avetage student, about 90

. minutes to two houre.. Mhdul%s are divided Into a gerles of

/
Sub-modules, usually 8 modules of ahout 10 to 15 minutes eac™,
The unlts are coded (n UCSD Pascal, The prograns are highly
,

Jo

into the llbraty‘Ls a potential user. Furthermoe, they must not i



interactive. The average time between interaction in our
prograns is approximately 15 to 20 seconds, Thus the student {s
always being asked to do something, therefore the situation s
extrenely different than that of a book or a lecture, We are
also concerned about the quallty of interaction fn ou prograna,
fug we nevar e multiple chofce, as we congider multiple choice
to be a very low quality fnteraction, even i testing,
considerable consideratin is given to the visual appearance

of both the text and graphics on the screen to aid the learning
process. Thus, large amounts of blank space are used, lines are
shott, lines end with natural phrases, and no hyphenation is
used.

The production system that led to thege matetials follows
that which has been developed for many years at the Educational
Technology Center. Furthec descriptions of the production
strategies are available on request, and it 15 described in °
considerable detafl in the two books by the authcr mentioned in
the bibliography feditor: are these bibiligraphies really to be
printed with the paper o should we repeat the references heref])
SCIENTIFIC LITERACY

Our society is heavily dependent on rodern sclence and
technology. Yet out educational system does, at the present
time, an inalequate job of helping the vast majority of people In
our soclety to understand what science is all about, It s much
eagier, both in the schools and the unlversities, fo deal with
the factual areas of science, to expound the laws, -and to teach
people to solve problems, than it is to glive any overall feeling

3

a8 to the nature of the sclentific entecprise, Only a few
courees have attempted to do this, such as the high school

Project Physics course developed at Haryard University, Most

- coutses in the sclences give only lip service to getting students

to understand the natute of science,

We view this to be an Inportant nat{onal problem, e that
Is not belng addréssed effectively In our current cducational
system. Some of the earlier atter ts to address the problem of
scientific literacy in the general population, such as seen in
the Elenentary Science Study Peogram, Sclence Curriculun
Inprovement Study, and In Sclence, A Process Approach, have now
very little ﬁae In Anerican schools.

?he Educatfonal Technology Center realizes the importance of
this éroblem5and for a number of years sought funding to develop
Computer based learnlng materials to deal with this {mportant and
ditticult issue, Pinally ue”were successful In persuading the
Fund for the Improvement of Pogt-Secondary Bducation to support
the project. They were intetested partially as an adult
education project, because of the yse ofuthe materials In the
public libraries, But I believe they were also attracted by the
potential of the sane mater]al serving a véry wide audlence from
young children through mature adults,

Although the various units work In a Qarlety of subject
matter areas, the general tactic in most of the units is the
game, We atteapt to place students in an environment in which ,
they must bebave like sclentists in their approach to problens,
Usually one or more of the early modules starts with the

‘ .
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qatheting of empirical information theough built~in facilities in
the program, These experfential controllable worlds (similar
facilities are called microworlds by some authors) allow learnets
to play with the ;fw.omons Involved and develop some ev

Then, based o4 this, we encourage the developmenf of hypo. 4
on undecstanding the cvidence,

It is critical that the scientiut not only observe but also
develop models and theorles which account for the observations,
In this model-bullding activity within the dlalogs, the studanty
teceive considerable help, We want every student to succeed,
provided that an honest effort is made. As hypothesis are
developed, tentatlve models, a student can then test these
against fhe enpitical situation, It may be thai the hypothesis
will need to be modified,

In some cases, we “mislead” students so that thev will
]nitially develop “false" hypothesis which account for the
evidence already gathered, but will not account for future
evidence, Thus we try to give some of the flavor of fallures of
science, as w11 as the successes.

As the theory or model is developed to account for the
evidence, the emphasis shifts to the predictive power of
scient{fic theories, The students must make predictions using
the theories that have been developed and these predictions are
compared with the experimental gituation.

In nost cases the apparatus is simulated on the computer,

We hope later to do some detailed studles of the effect of actual
‘apparatua versus simulated apparatus, We coneidered this

5

question cafefully in the early stages of developnent, [n
viewing the earlier projects which had not succeeded, one of the
problems was that, regardless of the desirability of
undesirabl). -gment, many teachers did not want to tse
the equipment, . indeed, refused to make use of the kits of
apparatus,

The presence of the equipﬁent would present logistic
problens in libracles, or in what we regard as perhaps the most
1mportantleventual use of these materials, in home use on
peconal computers, Some decided, In most caces, to simulate
the equipment,

Sone of the {deas involved in the earller currlculun
peojects were very useful to us, Thus, we developed a Batteries
and Bulbs module following quite'similar strategies to that
developed in other discovery seiented projects in the '60s, .HWe
were able to profit by bringing in teachers and developers who
had extenalve experfence with the earlier curriculue materials.
Some of the modules concerned actual scientific situations, but
In other cases we deal with maginary situations, theories which
do not exiat in nature, or theories which exist in nature but
that the “evidence® we . usent {5 not actual evidence but
fictional evidence. .

A5 an example of this last type, I will describe briefly one
of the modules, Tribble Panilies, This module starts with
fantagy. The student is the chief scientist of a spacecraft,
vhich descends on a gtrange planet and finds a number of peculiar
looking aninals called Tribbles, In the Eirat unit of the

6
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program, the task is to classlfy Tribbles, netlng diffecences
between Tribbles. The Tribbles, unlike any animals seen before,
differ in only three charactecistics: eye color, size, and horn
shape, In the second module, the task becoues that of finding
out which Tritibles, when put together, have children and which
don't. As with everything else In these modules, this topic must
be approached pucely empirically, The students are never “told"
th!ngs‘but ratﬁe: mist gather data by putting Tribbles together
and seeing what happens, then they try to generalize on the
results that they see,

Eventually,'Trlbble faniZles proceeds to develop a Mendelian
qenetics theory. The approach is «ery different than that In a
typical blology class. The students are not told the underlying
theory but rather It comes out of study, somewhat the way a
: scientisé‘mlght do it. We cannot, of coutse, be fully realistic,
but we can, and we belleve we do, glve the flavor of what it {s
like to woik In science,

The project manager for this project was Barry Kurtz,

FORMAL REASONING

.The second project i3 concerned with the recent £inding that
mahy students In the United States do not becoﬁe forral
Operational in the sense of Jean Piaget, at the age,
approxinately 12 to 14, where Plaget gays it ghould be happening,
Particularly recent studies in different parts of the country of
college students, using the Plaget formal operational tasks, show
that as many as half of the students in univercities, either at
the freshman ot sefifor level, are not formal operational. Yot if

1

one examines the content of many Ereshan courses, particularly
In the sciences, we see that the formal operational traits, such
a3 ratlo reasoning, are heavily used in these Cour;es.

As In the previous project, my colleagues and I at thg
Educational Technology Center saw this as a serious natonal
problem and one that was not likely to be solved by the
conventional classroom methods, It is our suspicion, although I
do not know of very much in the way of formal evidence, that many
teachers are themselves not formal operational. So [t 13
unlikely that thege teachers will be likely to help students
become fornal operational. We saw some possibility that the
computer could help with an Isportant problem that was difficult
to soive with tradltlonﬁl learning methods.

Each of the modules is based on one of the Plaget formal
reasoning tasks, Each involves some subject matter area in the
sclences or mathenatics, so the materials could be used within
sclence or mathematics classes. Experience before computer

material has indicated that a single subject afea {s not

sufficlent for the student to develop a concept. That is, if

they leacn, for example, about ratio ceasoning in one context, it
does not necessarily carry over into another context involving
ratio reasoning,

Bence, in some cases, we have been able 9 develop several
modules In different areas. Thus, ratio reasoning ia represented
In this project with two modules, one based on the concept of
apeed and one based on the concept of density. Two will will not
be enough for our purposes, but a8 with all projects, we had a

8
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finite amount of resources to work withl

As an example from this project, ‘I consider the speed module
just mentioned. fhls module was based on earlier work of David
Trowbridge for his doctoral dissertation at the University of
Washington. The first sub-module is again expereﬁtlal, with the
student allowed to fire balls in Zifferent ways with pinball-like
mechanisms with ﬁartlcular tasks assigned in the proceés. The
notion {s to build up some intuitive conreption of speed. 1) the
next module, we consider situations in which the time is held
constant but the distance can vary. Then we consider the
opposite case, situations in which the distance is held fixed
because the bnlls'tr;vel in tunnels of fixed size but the time is
variable. 1In each &ase, students are presented Jlth large
numbers of examples and must decide, given pairs of motions, in
which cases the balls move faster or slower.

In later sections of the dialog, both space and time are
allowed to vary so the true ratio {dea enters. Facilities sre

provided for both space and time in some of these modules.

Project Manager for this project was Dpavid Trowbridge.

-

CONCLUDING REMARKS
These two projects illustrate some of the developmental
activities of the Educational Technology Tenter. We have, at any
given time, a range of research and developmental ‘projects active

at the Center. Those interested in our current projects are

invited to « 2 for further information.



| COMPUTERS IN LEARNING--COMMON FALSE BELIEFS
~Alfred Bork

Educational Technolegy Center

University of California

Irvine, California 92717

(T14) 856-7452

September 20, 1983

1, The real problens with computers {n schools are thoge of

qetting enough hardware for the schools--enough computers for

each school. Y
The number of computers in schools has been doubling or

tripling each year for the past several years, in spite of the
stringent financial gondltlons of schools, We now have
approximately 300,000 computers in schools, averaging about three
_per school, Although numbers are increasing rapidly, the
sophistication of ﬁsage vithin schools is often primitive.
Teachers are often {11 prepared to use the computer, Very little
good instructional miterial is available. Teachers have low

standards for selection of {nstructional materfal, Inadequate

progeanning techniques are often being taught, crippling studeats.

for later progranming activities.

This 8 not to say that some good uges do not occur In
schools. But on the balance it may tucn out that at the present
time the students are being hurt more than they are being helied
by the computers in schools, More machines will only compound

that problen,

2, 7 the computer 1s used {n classes, or other learning

nvironment, s qood.

)

The conputer, like any other learning aid, can be used in
vays which are helpful to student learning or ways which are
harnful to student learning, There s nothing magical about

having & computer,

A computer with poor curriculun materfals, or teaching the

naterial in {nadequate ways, can be devastating to students,

!
Likewige, teaching Inadequate programming techniques, no longer

used In practice, can hurt student's progress rather than aid
_/

students. The use of any educational device In the classroom

must be evaluated on 1ts own merits, regardless of what kind of

learning technology {s used,

3. The computer can be used fn only one reasonable way fn

classroon environments.

Mherents of vatious polnts of view often have this belief,
That 18, they believe that other ways of using the computer
besides the one that "they® favor, are intrinsically wrong.
Declslons about how to use computers for learning should be made
entirely on pedagogical grounds, not on predeternined

philosophical positions,

"4, All students should learn to progeam.

As computex& become more and nore wl’-spread in our :cclety,
the vaat‘bulh : o be 1. use cf very powerful
e ~:1lectual tools, Our current tools, such as
vord procesaing, sgreadsheets and personal dats bases, are only
beginning to show us the real power of such tools, Because of
these tools, nost people will not be involved in programming

{tself,

-
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Probr#mming Is often justified on the assumption that it
helps to glve students some {dea of what computers are all about.
But this is not true, Most Introductory programming courses,
even extensive courses, do not give a full plcture of what is
possible with the computer, Often the applications tools, jﬁat

suggested, glve a nuch better |dea of the real power of the

cenputer,

5, Because it is easily avajlable on gmall computers, we should
teach students BASIC,

One of the major disasters in curient schools is the
teaching of BASIC, Almost all BASIC teaching in schools is
developing a s}ries of very fundamental bad programaing habits
that are diff;cglt for students to overcome later, Most students
who study BAS'C In high school have difficulty with computer
science in the university, ¢z in any other modecn programning
applications,

6. e know all about how to use computers In educatian.

Our knowledge of the learning process s weak in many
respects. Conflicting theories of learning still abound.
Furthernore, much {5 stil] to be learned about the computer
itself.nz‘a learning device, Additional research ic needed.

This 15 not to £ay that we should.stop doing any éevelopment
until the research {s complete. In fact. ~do not believe that
we can afford to do that at the presen \i.., perhaps because the
research may not be complete for hundreds of years.

1. Teachers can develop extensive cutriculun material {n their

3jare tine,

A legend has sprung up wuggests that teachzrs will be able
to develop large amouhts of computer based learning material,
Indeed, the programs in many schools are predicated on this
unlikely agsunption. The development of any type of good
learning module, Involving the computer or any other leatning
media, s a process that requires much effort and care. Hence,
very few people, including teachers, are likely to be able to
develop extensive computer based learning materia; in their spare
time,

3

8. If a progran dravs lots of prétty‘pictures, it must be a

3008 program.
Although I have long argued for the importance of graphi&s |

in education, some recent learning progtams are almost nothing

but a set of plcturee, unrelated to the learning materfal. While

" visual Infornation {s Important in learning, the developer must

work hard to make certain that the visual information s an aid

In learning and {5 not just a gimmick.

9, Authoring lanquaqes and authoring systems ate ugeful In
¥ ,

producing computer based learning material.

Host authoring systems and authoring lSnguages intended for
pedagogical design are toys, allowing the production of only
testricted types of Eomputer based learning material.
Furthetnore, they tend to confuse the issues of pedagogical
design, with the technical details of programning the material,

Kore adequate authoring systems exist., Software to aid the

~coder, on the other hand, can be useful.

10, We cannot write useful computer based learning material

{
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Cy )
until artificial jnteiligence techniques are practical for

general classroom use.

Although some of the techniques of artificial intelligence
will probably eventually demonstrqte their usefulness in computer
based learning material, we can tlready develop, wlthouf guch
techniquer, highly effective learning material dealing ylth very
difficult learning problems; The computer is at least as
intelligent as any book, even in its least irtelligent form, and
books have long been shown to be very etféctlve in th? learning
rbrocess. Programs can reflect the intelligence of very good and
expérlenced teachers, without tequiring built~in lntelllqencé.
11. Since éomggter "Alpha” is common in schools, ali curriculum

materials should be deveiopgd for this computer.

The number of computers in schools tends to double or triple

each year. Furthermore, new models are appearing confitantly, go

any curriculum effort which bases its thrust on computers

currently:ln schools (s goon likely to be in difficulty. It is
-+

essential to look ahead.

12. cComputers will certainly improve education.

As already indicated, the computer {s not necessarily a

-

desirable force in education. Computers can lead to a better

~eddcatlona1 system, or to a worse educationzl system than we have

" now. It is only that if we insist on the highest quality, both
. . | S

commercial and non-commercial produéts. that we are likely to
improve education with the cohputer; The issue at the present

time is very much in the balince.

’
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"GRAPHICS AND SCREEN DESIGN FOR INTERACTIVE LEARNING

Alfred Bork, Stephen D. Franklin, Ruth Von Blum, Martin Ratz,
J YUniversity of California, Irvine
Barry L. Kurtz, San Francisco State University

ABSTRACT

This paper ccncerns the role of graphics.in computer based learning material. We
consider both textual™{hd graphic components of screen design and both spatial and
temporal aspects. Informal design standards are developed. Several software approaches
are discussed. :

COMPUTERS AND OLDER MEDIA

The computer's use as a learning media is just beginning. It promiszs major changes
in our equcational system. Every uew learning mode, such as the .computer, has unique
properties. This paper addresses those dspects of learning via computers that are
particularly concerned with spatial and temporal aspects of display on the computer
screen. - - 3 \ -

The computer screen is the arena for spatial and temporal display of information in
computer based learning for both the computer and for the user. (We m;y also have sound
information.) On the display we may find both iconic (pictorial) components and textual
components. The way information is placed on the display can have a great effect on
learning. ) : C

The computer as a learning medium is very diffefent from older media such as books
and lectures. Thus, the computer screen is very different from the page of a book.
Successful curriculum developers in older media treat the new medium just like the older
one, carrying over successful tactics from previous use: the screen is often formatted
like the page of a book. ! It is only by conscious effort that we begin to understand the
great differences between:ithe computer display and these older media. Scme differenc.es
reflect different capabilities. For example, as soon as™a reader turns the page of the
book, the entire information on the new page appears at once. The computer display is
extremely different; information can develop in time, under control of the computer and
the user. N '

A

A second difference concerns cost. Things which are possible in new and older media
may be practical in one and impractical in another. Thus, while sophisticated designers
understand that blank space in books aids learning, the amount of blank space in books is
rigorously controlled for financial reasons. One cannot afford to put only a few words
on each page, even if that were the most effective way to promote learning, because the
cost of a book increases as the amount of blank space increases. However, with the
computer screen no such relationship exists between the amount of blank space and the
cost. Hence, blank space, while possible in both, can be used much more freely with the
computer.

Even a cursory review of much current computer based learning material shows that
the developers often are blissfully unaware of the differences between books and computac

displays. The usual procedure is to start at the top left corner and to put the

information densely on the screen at the maximum possible speed. The computer "pages"
thus resemble the pages of a book. Few authoring systems give developers any capability
for better control of this medium. _ .

Often decisions are made purely on a techological basis. Thus, many developers of
computer based learning material appear to believe that the faster the information
appears on the screen, the better. This does not matzh our experiences at the
Educational Technology Center with young novice computer users. We suspect that fast
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~output reflects a desire to use the technology to make the computer presentation look

E

more like a book presentation.

CHANGING CAPABILITIES

In dealing with the computer as a learning medium, *'e must recogniza that its
capabilities are improving rapidly with time. Some of this improvement, such as faster .
and cheaper processors and more memory, sSimply refers to general computer capabilities.
These factors will influence the effectiveness of the computer as a learning medium.

» It is a fundamenpal mistake to consider today's small personal computers--the PET,
the Radio Shack, or the Apple~-as typical of personal compu‘ers in the very near future.
Any realistic consideration of screen characteristics must look into the immediate future
and must make some reasonable assessments as to what will soon be available.

Developmental strategies must take into account the changing nature of the medium.
Thus, the development should be done in such a way that it is reasonably easy to
incorporate into rew versions of the learning units new capabilities not available at the
time of develcpment. The programming must ensure that it is relatively easy to modify
the code; the question of how to prcgram in a dynamic environment where changes are
expected i3 the major issue. 1Indeed, in most major applications areas the cost of
maintaining and revising programs over their lifé cycle is likely to be greater than the
cost of initial development. The criteria we need %0 consider are the same criteria used
in large-scale complex programming.

We can delineate areas where we can expect screen capabilities to be improving in
the near future. Consider first characeristics of screen graphics. Current graphics on
inexpensive personal computers are limited by poor resolution, low speed, inadequate
numbers and control of color, the lack of shading and intensity control, and the severe
limitations on animation. We can expect all these to improve. Several technological
factors ars important in this improvement. First is the separate processing unit to -
handle the display. These processing units may be designed for graphic capabilities,
such as the recently announced NEC chip. It is reasonable to expect competitors.

Another factor in the rapid improvemont of visual quality is the decreasing cost of
memory. Screen resolution in a raster system, storing bit maps of the screen, can
improve 2s the cost of memory comes down until the limits of current video tube
technology are fully realized. Beyond this point we need inexpensive, higher resolution
monitors. This may be a slower process, because we cannot piggyback on the large TV
market.

As increasingly powerful processors stop using low quality monitors to corntrol the
display. the importance of languages which allow multitasking will increagse. Many
graghic activities could be improved by using separate graphic processors. While some
aspects of separate use can be handled without tasking capabilities within the
developmental language, to make full use of separate processors it is necessary to start
separate procgsses and have them proceaed independently.

Character display capabilities will also improve, although not as quickly as
graphics. Currently computer users have mostly an abominable set of characters on the
screen, characters which would be considered completelv unacceptable in the print medium.
The main concern of those designing character sets seems to have been to make certain
that an "A" is distinguishable from a "B." Thus, hundreds of years of print character
technology has been lost in most computers.

This situation is changing. We now have experimental systems capable of different
character fonts, and we also have systems which allow user choice of characters. e are
also beginning to see systems that allow choice of size and color of characters and other
similar features. The character problem is connected with resolution, already raised
with respect to graphics. We may expect major improvements in quality of charactecs to
come from Japan, since Japanese characters require better resolution than those in
western alphabets.

A third area for improvement is the development of new and better forms of iaput and
output. Thus, we are very much looking forward to greater availability of voice output.
Voice output, such as that available from Texas Instruments, is rare on personal
computers. High quality music is available but also rare. Several current projects are
considering voice input, but none can be expectad to reach full fruition for personal
computer use for many years.

Personal computers are often weak in pointing devices, and additional work and study
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»in this arez is needed. Some widely touted opointing devices, such as the finger, have
relatively poor resolution. Others are difficult for the rovice to use.

Based on these future considerations, we can ask about reasonable design st:andards
for computer based learning. Our design standards will include both tiie spatial and the
temporal aspects, since both space and time are c¢ontrolled by the decigner and (possibly)
the user. *

REASONABLE DESIGN STANDARDS

The design standards specified in this paper are based on extensive experience at
the Educational Technology Center in developing a large amount of computer based learning
material, both initially in the timesharing mode and more recently witnh personal
computers. During the fourteen years in which our group has been active, we have

- considered design issues very seriously. Recently we have been fortunate to have funds
for experimental studies from the Research in Science Education program in the National
Science Foundation. :

The first thing to be said is that design standards for comouter based lesrning
material should be the standards of good graohic design in any application. 3y good
graphic design we mean the standards that would be followed, for example, by an excellent
designer in producing an ad for a high quality magazine, but as apprnpriate to the new
medium. The necessity for such standards in computer based learning is not generally
recognized. tllevertheless it is important in effective use. A corollary %o this comment
Is that a professional designer should be employad in the developmen:t of the highest
quality computer based learning material. We consider later the environment in which the
designer should work. '

We can formulate a basic general design principle, applicable to all the material
that follows. Since we are concerned with learners, we want the learners to focus on
what is important, whether this information be visual or textual. The implication is
that we should remove unnecessary information from the scre=n, and only show at a given
time material important for the learner at that time. We do not need to follow this rule
slavishly, but it furnishes a good guiding principle for the develogers and for the
graphic designers.

ICONIC INFORMATION

One aspect of what appears on the screen are the images, the pictures to aid
learning. Here too we can state a general principle. We want to use as much
educationally relevant visual information as possible. Much of the learning experience
shouid be carried by visual information. This message is one that :the peddgogical
designers as well as the graphic designers must keep in mind. B¢ 'undancy--information in
both forms=--is desirable.

The tendency unfortunately is in the other direction. Since many curriculum
developers are the successes of our current highly verbal educational system, they tend
to be verbally skilled, more skilled than many students. Therefore, they often do not
realize the necessity of good pictorial information for the average learner. :any people
who are "failures" in our current educational system could be successes in a svstem which
paid more attention to the uses of visual information to aid learning.

It is still not easy to satisfy this need for inconic information. We must keep
focusing the designers' attentions on pictorial design. Matarial that is heavily verbal
can be sent back to the pedagogical designers, prodding them to give more consideration
to visual components to aid learning. On the other hand, pictures should be relevant to
the learning process, not just pretty pictures.

B

Several features of the use of pict { ' information are unigue to the computer, as
compared with books. Some are devices w. are well-known on the blackboard or on TV,

For example, it is not necesary for pictures to appear instantanecusly. Material
can develop in time. Often the text and pictures can be interwoven with parts of
pictures coming on in response to specific references in the text and with suitable
delays in between. Timing car emphasize critical features of the nictures by delaying
before and after those criticas visual features. We can also highlight these critical
features or make them stand out in other ways such as blinking,

Another factor derived from studies which preceded computer use is that a pDicture
can have too manyv details. That is, details which distract the student from critical
features can cause learner problems. In any picture we must identify %the critical
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features and ask how these can best be brought out by the way a picture is Presented, .

ask if a given detail is really essential, or whether it can be omitted.

TEXTUAL INFORMATION

The pictures and text cannot be considerzé separately. They both contribute tp
learning, working together.

Perhaps the major consideration with regard to texual information is that we should
use large amounts of bhlank space. A given screasn should be relatively sparse, both
textually and picteorially, at any one time. Much of the area on the screen should
typically be blank. As indicated above, one way to achieve this is to eliminate the
information from tiie disolay no longer needed by the user. Often we See Screens which
contain a large amount of "past nistory,” not relevant to the current situation. This is
neither necessarv nor desirable.

A second consideration is that text should be placed on the display with the same
care that would nocmally be used in placing a picture on the screen. Text placement
should not be 2 system accident. Software for computes: based learning is poor if the
system decides where text is to go and how it is to be displayed rather than the.
pedagogical designer, the graphic designer, or the learner making this decision.
Conscious placement of text, allocation of display information, should be considered at
all stages in development.

Strategies to increase comprehension with print material are xnown. Althcugh little
definite infocrmation about these strategiecs refers specifically to the display, it seems
ceasonadble that previous print readability research will be applicable to screens. Thus,
short lines, requiring less eye movement in reading a line, are generally desirable.
Avoiding hyohenation is highly desirable--hyphenation is a barrier to comprehensibility.
Keeping natural onrases todether on a line is also another impcrtant consideration; the
phrases can bDe defined syntacticallv or semantically where the expzrierced reader will
pause. Justification at both ends of the line is also undesirable. '

A variety of methods, again both spatial and temporal, are available for stressing
material on the screen. Thus, there can be a pause before and after a critical word or
phrase or the word or phrase can blink or it can appear in bold or in some other way,
such as an alternate font or color, that sats it off.

An important consideration, unique to the computer, is the quantity and degree of
viewer control allowed in the display text. In all of our current programs we allow the
user to choose at any time the rate of text output. The decision followed by young
students is ofter different from that provided by most developers of material~--the
typical person not acquainted with computers prafers a much slower rate of text outout
than is usually seen.

Students can control not snly the overall rate of text output, but also the timing
between words and other aspects of timing. Furthermore, many of the features stressed in
the last paragraphs als> can be turned over to the user. The quaztion of which of these
is most important for increasing comprehension and motivation needs additional
investigation. A current research project at the Educational Technology Center is
considering learner control.

To maintain interest we can vary the styvle of displav with size of the tvoe, fonts,
and varying alignment or justification proceduces. So the learner doesn't see thie same
old thing repeatedly. Varying style has strong .otivational components. Qur software
for text output at the Ecducational Technology Center supperts three justification modes:
Left justification (without right justification), right justification (without left
justification), and centered text, the text centered on the line within a particular area
of the display. We use specified a.eas, ports or windows, with a strategy similar to
that used for display of graphic information.

For student text input, our group borrows from good word processing practice. Text
input is always in a "port," an area on the screen as just described in connection with
output. The port for input may or may not be the outgut port. The software handles

wraparound like word processors; if students type a word too long to fit within the port,

they see it on the current line until the edge of the port is encountered. At that
point, without any fuss, the partial word is moved to the next line and students can
continue typing with ro need for any special action.

Timing is also important »n input. We want a user to be reminded of what to do in
many situations ("Don't fcrget to press return!") or given other specialized time-
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. dependent aid. On the other hand, the software should not cut of { somsone currently
typmgf even if a sizable delay preceded this typing. Again, these factors are in the
Educational Technology Center Software ard so ars in all of our programs on the personal
computer,

THE DESIGN PRCCESS

Several individuals can be involved in design, The visual design components come
from at least two groups in the design process. 1In.the pedagogical design component
excellent teachers, curriculum designers, and others work closely toacether to develop the
necessary pedagogical specifications. They must be concerned with any factors which they
believe will influence learning. Among these factors are the factors of design in both
space and time. : -

We encourage pedagogical development teams to specify any design details they regard
as critical for use. Of particular importance, often determinable only by someone with
special expertise, is the question of what needs to be on the screen at a particular
time, . .

The pedagogical design team specifies design details in twd ways. First they may
draw sketches of the screen, showing approximately where pictorial inforuation and
various types of textual information are to appear. In some cases the pedagogical
designers will give this information in considerable detail. 1In addition visual
information, the scripts oroduced, can also contain’ extensiva verbal instructions for the
visutal designer or for the coders, timing considerations or information about where.and
how things are to appear on the screen. ' /

We run a half-day, informal workshop for our authoring groups, before the full
pedagogical design process. One of the components stresses the display design details
that form the basis of this paper.

The amount of screen design input which ccmes from the vedagogical designers will be
var able. Some individuals are very conscious of these issues and will give them-very
careful specification. Other groups will almost entirely ignore these issues. So the
quality of visual and temporal design at this stage will vary.

The next person who may be involved is the graphic designer, an individual with a
good design background in other media. This individual also needs- to understand the
educational implications of design, implications which often are not part of the standard
design curriculum. So it may be necessary to train this gerson. Unfortunately we are
not often in a position to afford a graphic designer. Much'of our materials have had to
rely only on general design principles as stated rather than on the insight of a graphic
designer. As we move toward more large-scale development of computer based learning
material, grapnic design will be a critical feature of the full-blown production system.

. DESIGY SOFTWARE

If graphic designers are to function effectively, they should be working on-line,
creating in an easy-to-use system the actual displays that the viewers will be seeing
insofar as these displays can be determined before user input is known,

If the designer is to work interactively at the screen, special software must be
provided. We have developed a variety of such software at Irvine, although we are still
not satisfied with it. Several systems developed at the Educational Technology Center
will be described briefly. '

The first graphic design language was develcped for timesharing, initially as a
picture editor by student programmers working with a program where many pictires were
necessary. It evolved into a general display editor, used exctensively for several years.

This facility, a series of APL functions, allows users to create, modify, store, and
delete.objects, either text or pictures. All objects can be referred to by names.

The user interactively constructs objects needad for a display, placing them in the
desired locations. They can be easily moved. When the design is complete, it is "pasted
down", just as a graphic artist might do in developing an ad fcr a magazine. While most
objects came through functions, tablet input is available for drawing objects.

The program is a code generating orogram, writing commands in the macro capability
that we used in our production of computer based learning units. It stocraed the full
graphic data, since we were working on a timesharing system with adequate file space. It
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wrote either in-line ccde or three tyges of procedure calls, depending on whether the
object's position was known at the time that the designer was working or whether the
position depended on choices known only when the final dialog was actuall:y run,

We also G:veloped learning sequences to aid people tc hecome familiar with the
facilities. The most successful was in print form.

When we shifted from timesharing systems o personal computers, we created tools to
support efforts on these smaller machines. 1In this area, we initially developed three
tools: a text display package, a graphics display oackage, and a graphic design system.
The last was intended for the da2signer. :

The text display and graphic display package are similar. Both support the goals of
effective screen design, transportability, software maintainability, and simplicity of
use. The vocabulary and programmer interfaces for the two are consistent and new

“programmers ‘are able to use them effectively after a single introductory course in

programming. These packages orovide a uniform and "friendly" user interface where the
display of information and handling of input is controlled in & manner dictated by sound
instructional and graphic design. The graphics procedures were motivated by the ACM
SIGGRAPH core graphics standard. .

The graphic design system allows definitions of the position of ports and obhjects to
be displayed. The design of the system is based on tiiree concepts: the importance of
screen layout, the hierarchical design of displayed objects, and a hierarchical display
interface.

Most graphical objects have naturally hierarchical composition with "natural" sub-
objects. Eventually one arrives at primitive constituents, such as ooincs and lines.
This hierarchical structure facilitates creating and editing of graphical objects.
Pictures can include other objects, which may be selected from libraries of oreviously
defined objects,called "sketch books." » |

Users are gresented with choices from a traze of menus, grapohics related functions
together. The cost is that one must know something about the overall organization to
know where a particular function is located. To alleviate this problem and that of
possioly needing the same function at different places, commonly used functions were made
available frcm multiple. places.

To protect frcm mistakes, designers can "back out" or undo most actions. For
example, when an object is edited, only a copy of the object is changed until, after
viewing the fully edited object, the user :equests that the changed versicn be "saved."
The ability to "back out" is implemented at every level. Development is stills
proceeding.

Conclusion

Design is an important component of good computer learning sequences. In this paper
we have suggested some design standards.
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OF BAD BUT COMMON PRACTICES
MEUTER BASED IEARNING

k

l Technology Center

of California

lifornia 92717

1983

{s an exciting era for those of us who ﬁave been

r many years with computer based learning.. We are

to see commercially available products for alding

> learn via computers. Many of these products are
Unfortunatelv most (perhaps 90%) of these early

» very poorly contrived.

is early stage of the market, when almost any product

15, quality has not always been a determining factor in .

peop.e to market a product. Indeed, some marketers

s beginning to distinguish between their Eirst
materials and their better sc.ond generation computer
1ing materials.

, however, often misunderstand this distinction and
tinguish the better materfals. If we are to demand

s market higher quality material, users must develop a
dards for examining materlal. This paper is directed
development of such standards [or all users. We must
inderstand that any old learning material on the

» not necessarily "good." I hope that my comments on
erial will be useful for developers of computer based
iterialsy I discuss development in more deta{l

"
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The current situation, the poor quality of material
commerclal available, has great inherent danger. The problem is
that the implicit inadequate standards promulgated by tﬁesé poot

materials may become the standard for computer based learning

"modules. If this hpapens, we will lose, perhaps for a long time,

the real benefits of the computer in rducation.?

My tactic is to enumcrate practices In computer hased
learning which are common but undésifable. Often these are
practices whiéh the novice dqgs not note, but which are
nevertheless worth dlscernlng; AN

I will avoid pointing to specific examples from existing
material, Dut ceaders may find it interesting and pro[itable'to
examine. such examples by applyinq the {deas developed in thls
paper.

Content

Undoubtedly the most important consideration in judging any
learning material is content. Welare interested in material that
alds learning, so that should be our primary focus. Is it
substantial material, fntended to accomplish some important
learning function? Does {t accomplish.this function? A
surprising amount of material, both comptuer and othei, is very
vayue on issuen of content; it 1s often unclear how learning
material fits into existing or proposed new sequences of
learning.

The most serioun weakneanes {n tho contanl are what [ ghall
call trlvial pleces of material, laarning material which is
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inconsequential. Limited sogments of learning material, computer
or otherwlse, need not be inferelor, but often is. A small
amount of material may sugjest a very exciting new approach to a

particular area or to lodrning note generally, But the small

conputer prograns currently availble for learning seldom do that.

‘Indeed. ;hey seen to have been developed primarily because the

nataglals was 'doablo,"éhsy and cheap to ptogram, nat because it
hai any qefious luarhlng purpuua; thus, technology rathar chan
aducat [on donlnatas,

One type of oftwndar g the camputer *qame,* At least two
‘prablens exist, viear, tnle tespindogy 4 appliad to alnost
anything, The ward “game* {s used to apply to activitles that,
as far as I can gee, have no qane-11ke aspects, assuning the
pveryday meaning of the word "game,"

Another problem is that games seldom tie In well with
specific learning situations. What 13 to be learned in playing
an educational game Is often vague to both student and designer,
If they are true games, they_often‘are strongly motivational.
Although motivation is certainly‘eitremely impottant in learning,
it 1s not the whole story.

One could achieve sinilar motivation in some cases by
bringing a pinball machinesinto class. One could then arque
profoundly abnut how the atudents e {ntuftively learning
information about the laws of motion in mechanics, particularly
with regard to colliding objects; university faculty are skillful
in making such arguments. I think these argunents would be weak,
for sustained use of pinball machines. Educators need a clear
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view about what is motivational with little educational value.and -
what is motivational with strong educational value. Materials
should be related to learning.

Games, 1 hasten to emphasize, can be extremely important in
the, learning process, more 1mpo;tant than they are today, We

nust consider motivational issues. But we must develop games

very skillfully if they are to incotporate learning issues, We

“eannot assume that anything called a "game" is automatically

valuable, '

Another arca in much existing material whece content in the
learning sense {s particularly weak is the type of help offered
to students in difficulty. This s perhaps the most critical
capdhlllty of good conputer based learning material. Goud
students typically do not need such material. They.can learn
wifh almost any media, The real advantage of computers entalls
belng able to glve individualized aid to students who do have
difficulty.

tet much of the material one gees is inadequate for students

In nepd of ald. The only help may be simply to tell students

 that they made errors, olten in terms rather discouraging to the

student, When "help" Is offered, often it bears the quise of

briet verbal advice, say, tepeating a delinitlon, Interactive

halp sequences, bringing users to understand the matecial and
taking the time to determine [ they do understand the matetial,
ate_seldon avallahle, Unfortunately, the typical help {5 s
gcreen full of text, witﬁ no Intetaction, and details'repeatnd
*uat have already been stressed. "One lnvel” help'will ha
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inadequate for many students; some may require quite different

help in order facilitate learning.

The problem of inadequate aid for the learner In difficulty

l6 related to a larger problen, the lack of Indivicualization of

the learning material, Different students learn best in

- different waysi Good computer based learning material assumes
‘ SN
" this, and provides a wide variety of learning sequences and

| “styles, However, much current computer matecial provides only a

single learning path, forcing everyone through phe same approach

in a lecture-like fashion,

I night summatize many of these bad ﬁractlces [n content by
"~ saying that much curcent 66;Btuer based learning material devotes

very little time-~far too little--to considering the godagoglcal ‘

details of the materlal, Huch of it glves the impression that a
quick pedagogical idea was qeﬁerated, and then most of the energy
vent into the coding, Serious pedagogicql naterial demands
serlous attention to the curriculum details, with or without
outputers, "

Madly Conslderationn

A developar of wyuwpuiac hn;uﬂ Loacning material gomatines
wyy have had experlanua |n axbniive aur;iuulum davelopmnt in
othar nedla; others are now dovulapers wlthout previous
expelance, Many workery [n this tield will lnavttagly be people
vho have developed learning material In book form, in lecture
fotm, or In other ways, fenca, [t 18 not too surprising that,

pacticularly in theic early use of computer based learnlng,'such

" developers'tend to eaploy nodes slnilar to those whicl drove

-f .
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their eatlier activities. They are often 5till thinking

. Inplicitly about books oc some other medium.

" Developing a "feei' for a new learning medlium, as we must do
in the case of computers, 15 a herolc enterprise. We can give no
very definite rules, since much of this act{vity depends on
éxperlence. But [ will {ndicate a few of the media factors that

chatacerfze poor practices with conputer based leatning material.

Porhapa the cantral problem s tho {allure to recognize the

. potential of the computer as an Interactive mediun, Poor

1

naterlal has far too few interactlons, too much {or students to

read on'the screen before doing anything. Nontrivial interaction

~ 8 the hallmark of good computer based learning material,”

Mthough difficult, 1t [s not Lmpossible to oﬂtahlish
criterla for'”qﬁallty of Interactlon,” a numerlcal measure,
giving a rough feeling for. the degree of interaction, One aspect
of iﬁtéraction, although by no means the only Issue, [ the time

between interactlons for the average user, There may well be an

occaslonal situation In which the designer wants this interaction:

tine to be long, perhaps as long as several minutes, Generally

~ the average tine between lnteractlonﬁ jone Interaction ends and

anathar haging) should prohably be more llke 15 te 30 seconds,
Somatimes we want [t to be a good bit less than this: It is
charactaclatic of poor matecial that the average Lime hetween
Interactions is too long, primarily because of excessive amounts
of toiﬁ.'

A nodel can ald In developing such nteractions, One can
ask what good teachers do when they work individually ot with a
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yery small g}oup of gtudents, In such a situation most teachers

‘ 411 rot *lecture,” byt will work Interactively with the

Al

|

students, perhaps by asking questions, Learning must be an
active process, if Lt {5 to be acconlished efficlently.
Conputers provide an excellent medium for such Interactive  °
learning. ‘Readers interggﬁgd {n note details aboul Interactioy,
including an eérly ‘attempt to provide a numerical measute, may
congult an earller papai of the author.

One bad practice, common with computers and with older

leatning medla, is the inadequacy ¢ visual or graphic

| information, Many students are not very skilled with lanquage,

and will only gradually build up language skills in coutses.
These students often need more visual aids in learning than i
typlcally presented. -Since teachers and developefs}of curriculu
naterial are skilled in hahdiinq verbal Information, they tend to
use too much of it/for nany legrners. We nust insist, fn .
examining curriculum material using computers and other media, on

the necessity of providing Bizable amounts of pictorial learning

naterial. This information should be of direct help to the

learner, not just visual "gimmicks.," We don't want just a set of -

pretty pictures.
Another annoying Eeature of much computer based learning
naterial Is the constant repetition of stock phrases. In hoth

+ sinulations and problem generators a given section of computer

_ code may be used over and over, This is oftén deslrable,

”particularly when the mater{al s embedded in a richer learning
structure. But how undesirable it is to repeat over and over

, R

i

exactly the same phrage. as students progress through the

)

‘progranl This {s deplotable because it reduces the material to a

nechanical procedure, whereas conputers have the potential for
engaglng students in friendly dlalog, A varle;y of sinple
tehcnlques can eastly avoid thls Lmpediment, Por example, we can
choose a phrase randomly from a collection of equally appropriate
b!rases for the particular situation, While this may seem to e
appeaiing to studentgl

One media-relatedﬂdifficﬁlty 19 the practice of solving
"problems® assoclated with the learninq‘maerial through other :
nedia. For example, my experiehce In making £llns diﬁcln;es 2
tendency to, belleve that one should solve lenréing prohlons
asgoclatedlwith the £ilm by means of assoclated,pfint matecial,
Yo', wltp nost £1lms, because of logistic or other problems, most
students never Se¢ ‘hls associated printed materlal; so this way
of trying to solve the problem i3 unsati;factory. similarly, a
good unft of computer based learning material should, in most

cases, not be highly dependeat on prlat material, video,

lectutes, or other learning media,

It 15 poor practice to solve a pedagogical. difficulty in
leatning mateflal by resorting to another medium, I hasten to
say that nultimedia materlhi itself, with each learning medium
playing its‘full~instrucélonal role, 13 {nportant In the learning
process. But even when varfous medla are effectively used, the
loglstit problems of making certain everyone has all the
components at the right tima can pecome difFieult {n the real
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wold, Thus, labagatory materfal In the aolencen for the Elrat
noo

through the sixth qrades, as {n such projects a £58 and SCI5, has

proved to be very dilficult to use [n é{gotice, hecause teachers

do not want to be bothered keeping and maintalningrkits of

. nateclal. In.looklng.at conputer based learning matecial, when

raise a pedagogical quostion and the developers of thg materlal

toll me they deal with that problem [n the student notes or

4

teachor notes, I have qualus,

-

Finally, one sot of medla=ralated problens seens important

enough to discuss [n 2 goparate koctlon, I next discuss the

_ arrangament of natdr{al on the acrenn {n hath space and Line,

-

Bogoen_Dosign

Ag with other aspacts af cnmpug}r basad ‘learning, newcomers
often treat the secoal the vame way Ihhy have tro;&od "wrting
suxfaées" {n older nedla, Thda; the screen s consldered llke
the page of a book or some other print-like format or a
‘blackboard. Oten developers do not even know about print
readapility since that information is not used comronly in
developing nrint materiél for learning. Pechaps the only
curticulun develogménf group to give 1dequ5te attention to the
reséarch literature on readability s The Open,Universify {n the .
United x}' agdom, 4

It some cases the computer-driven screen allows capabllities
beyond those available on a page,, For example, tining, by which
mﬁterial‘can develop In time to aid the readec's comprehension 6f

: that matérial, ié not possible on a page of a book; when the
leaner turns the page the new material is'all there, print and

‘ug-

)

plctures, Dut the screen situation belng very differeat,
materfal can develop In time, In other situations approaches
possible in the book form are not cconomically desirable. One
inportant in{lucnce upon a number of issues L5 that of blank
space, Blank space In a book increases the cost of book; blank
sggfé on the computer screen is [ree.

‘Let me point to a series of readability factors comnon to
botﬁ print and screen. Then let's look at some factors unique to
the ;creen; Varlous studies show that these factors hurt

teadability, both in print and on screen, yet they are fairly

common Ih print and computer material. The flrst'is the use of

wvery long lines of print. In general, the learner handles

material better with short llpes, although phe readahility
tesults are rather complex, Rlght justificatin, combined with
Left justification, the comﬁﬁq‘practice in bhooks often cuts down
on readability. fypenatlon is a nogative factor too; it is
comuon practlce,‘usually conbined with right justification,
Keeping natural prases, defineq either syntactically or
semantically, together on a llne also hnlps a learner who {8 not
a qood reader, While hooks havé {ollowed this practice
occaslonally, such as in the Lelber and Leiber populacizations of
mathenatics and scionce, 1t is still'extremely rare in print
materlal. 1t is almost equally rare in existing computer based

learning materlal, although newer “second generation” learning

! [ ' [
» materlal is beginning te show it, At present, lo maintain

phrases on the same 1ine typically requires some human
. A
interventlon; pethaps that is why it is not-frequently ¥

- 10 -
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implemented. At least ‘eem a syntactical point of view {not a
semantic point of view), [t could be automatic.

A nunber of useful ways to emphasize critical words and
phrases in computec huned Jearning matoerial seldon appear In
avallable matecial,

Some of these techniques fﬁr enphasis involve "noving" the
waterial In some way, elther turalng it off and on-~hlinking--or
oscillating it, or reversing field at come rate. Other
techniques for emphasizing words and phrases will involve timing.
Thus, one can pause a suitable length of time before and alter a
granmatical entlty needing emphasis, just as one docs in
speaking. He can vary the rate of textual ouput for such
on;itlos, a topic wa shall discuns later, Thelng can also be
effective In paunfny altec wueh punctuatlon marks an commas,
semicolons, and pou s,

One bad peaolive, alwady umivicaal with axinting matactals
~Bpews text-at the user at tho Mhatest passlble rate, with no

consideration as to whather thin in deslrabla. In the Educational
Technologf Center for many years we have been examining this
question infornally and recently more formally. We find that
very (ow users other than professionals Like the fast rate
typical of material today. Instead, "notmal’ users, glven a
cholce, use a rate much like the 300 baud rate of communications.
In interviewing users, we have found that the fast rate is
disturbing to many. One of our current research projects is
attemptdng to gather more detailed information about this jasue,
Our previous experience make it clear to us that text is usually

- 1] -

dfﬁplayed too rapidly for most users of the sylem, another very
cannon bad bfacticc.

Athough we currently aet the initlal spesd ot pavelale st
what we Lonsldnr the best dnﬂlr&gln rata, vary unconen In
conputer basad loarning materlal, wa alao belteve 1t 18 desitabie

to allow learners to control the rate of text output at any tine,

Thls ralses an issue of an entire set of factors for user control

of the screen. One of the computer's advantages is that it
allows such reader control, which is not possible {n text
waterial. Yet developers commonly Ignore this possibility and
provide no more control than is available in books, Users can
enploy a nunber of controls with computer based Idarninq
waterial, Bad practice 15 not to allow such contrals,

The hdndling of Input Ie often particularly bad, Long
{nputs, with much English text, Lrequently lead to words split at
the edge of the screen, That is, when the print gets to the edge
of the screen, the hardware or software shifts part of the word
to the next line, The edge, however, is not necessarily the
critical location. One might prafer a word not to overlap a
diagram or other text, and so providg, controls that prevent such
overlap, while assuming that a whole word iz on one line.
Strategles for not splitting words are well-known in computing;
they are used widely in word processing systems,;whcro they ara
typically called "word wrap," Words crossing lines or words
overlapping with diagrams or others, particularly on long inputs,
I5 a frequently seen but highly und;sirable practice. Like many
bad practices, relatively minor increments in the software can

]2 -
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| cantiol ite The dififuulty {a that Input and ontput provided by
most computer languagus la quite Inadaquats,

Pethaps the worst among a number of bad practices associated
with student input are the types which allow a program to bomb
because of a mistake( such as typlng a letter instead of a
number. Such typing mistakes are common, particularly with
novice llkely to confuse thé numbers one and zero with the
letters *1" and "0." Fingers resting lightly on the keyboard can
"add" characters not Intended, For some time special "font ends”
for novices have provided coding for input which supercedes the
rather crude input now provided in most computer lanquagés, Many
current materials do not provide such user-friendly Cront ends.

Another useful but rarely available feature for student
input. {s the timed read, In many situatlons it s undesitable to
let a learner sit indelinitely long before the computer docs
something, Learners may not really understand that they are
expected to type something at that point or may have no clear
view of what to typ; 05 may have typed something without pressing
return, In all these cases timed input can carefully handle the
situation, -

Weak underlying software is likely to generate bad practices
in computer based lcarning by poorly designed placcment of. text
on'the screen. Most computer languages make the book-like
assumption that toxt should always start at the left-hand margin,
I considec this a very bad practice, seldom desirable. Text
'shouldWAppear on the screen by consclous design to best aid
learners with that particular component of text,

- 13-

Flnally, text should frequently disappear fron the screen
withoue erasing fufornatlon which is still relovant. Text no
longer applicable to the situation at hand shouldn't Le there.
Modern systems alloe ports to the screer to be removed, without
affecting other parts of the screen. In much current computar
based learning naterial at any one time the scroen shows a past
history of what hus happened, often with irrelevant text for the
current situation. The practice of removing superfluous toxt,
concentrating the student's attention on what ig cur;ently
relevant, relates to the frequent use of blank space mentioned
earller,

Other Factors
Other {saues should be mentloned which fi(ynithnr lonsely or

not at all in the classif(cations doeveloped. Some have to do

—

with tactics used in the matertals. A nunber of tactics ate pnot
tactics, but commonly used.

One such undesirable tactic {s nultiple choice questions,
particularly in on-line quzzes. In some cases this is a
subconscious choice; People know that multiple choice has
somethiing to do with computers, so they focus on it when they
ntart to develop interactive computer materials, Some computer
qulzz}ng_systems for both off-line and on-line employ primarily
multiple cholce.

Hultiple cholce should, I belleve, almost never occur In

conputer based lea:‘ng material for two reasons, First, mutiple

choice Ia a paor way of dctermining what'a learner knows.
Guessing factors phay too sizable a role, Further, this mode of

«14-
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quizzing fell into education ag a tactic of desperation, using

ot tapped. For farther details the reader «: sult a rec
rlatively erude early totuatag o handle arge mibers o p ota e teader can consult a regent

bosk by the author, Learning with Computers,?

students, It has little to recommend it at present, Detter

. [ welcome comments-about bad practices f ets to ;
technology renders it gheoleta, It is not needed with a comptuer practicnn fron etlers to o to

for we can ask a much wider range of questions which avoid By List.
quonsing (actors, aud ea load wige quickly to seliable
Informatton about what abuwdunta e and do it kiaw,

A nutber of dapartutds Vo o inary Enghlab alsa fall Into
the cytegory of bud praoliie, o ave hyd Lo undscutand, Kot . '
exarple, often fmjedlately after tho question mark, with no
{ntervening spaces, the computer pauses for a reply to a
question, The display is certainly not characteristic of the way
we teach people to weite Fnglishl

Also common is the wldespread use of Y's and N's, or even
vorse 1's and 0's, In place of "yes* and "no," While sone use of
single letter maenonics may be useful {t s an undesirable tactic
to follow in most computer based learning material. Future
dlsplays, such as those currently in use in Sesame Place, may
build yes and no keys directly onto the display., At least in
this case tie full word {s there, not some computerized
abbreviation.

s stated earlier, I aspire to urge upon the developers and
publishers of computer ased learning materlal some standards of

- quality, And I wish to suggest to users of compﬁter based
le;rning matecial the possiblity of reasonable jhdgments
» concerning the quality of that materlal. Many important positive

issues in the development of computer tased learning material are

- 15 -
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1t 18 a pleasute to return to England to glve this keynote
address. Dutlng my stay as advlsor to the National Development
Programae |n Computer Asslated Leatning, I 8! snded an earliy CAL
meeting at Onfordy 1 met many of you and learned about ongolng
projects. This trip renews many old acqualntances. Perhaps 1
haven't been In England Erequently enough since then, +he
gentleman at Passport Control at Gatwick commented, "You have
been neglecting us--you haven't been Yers slnce 1980." 1 will
tey to do better {n the Euturel

This paper has four components, 1 begln with a serles of
assertlons about computers In educatlon, ?ome Bupported later In
the paper. I then reviev two exinbles of computéra In educatlon
developed at the Bdycational Technology Center, A brlef
lnterlﬂaé“ébndlders the major advantages of the computer In
learning, Flnally 1 speculate on the future‘of the computer in
edu&atlon, arquing that it will be eventually the dominant

dellvery device for a1l aress of education, 1 censlder aspects

of what will happen,

Sone Assertions

The followlng statements will not be defended In this paper.

I wish to make my ponltion clear on these {gsyes,

L Extremely I1ttle good computer based learning materlal

s avallable (n any country,  Much of the materfal, Including

conmerclally published materlal, lp of very poor quallty,

2, The standards cutrently In use In computer based
learning matecial ace exteemely low and are In great danger of
beconing accepted ag the standards,

3. - Hany of the materlals avallahle ate bits and places
rather than coherent collections of learning materlal.

{. The computer can be uged [ nany waye In educatlon,
Phllﬂnophlcal dlacusslons should not rule ot certaly ways,
Dectslons should be made on pedagoglcallqtoundn.

S The training of teachers 1s major weakness In our
current gystems, Most of the present In-eervice vays of tralning
teachers are entirely Inadequate to the task,

6. In teaching programing at any level-~prInacy school,
necondary school, or college o un’ verslty--the rajor enphasls
should be on teaching good modern - grimning structure,

1o Tt 1n vety unlfkely that go0d progeamming courses will
be taught In BASIC. BASIC should be avolded at all costs,

8. Ruthorlng languages are useless ln generating effectlve

conputer baged learning material,

Readers who would 1{ke to dlscuss these 1ssues wlth me furthet

are welcome to do go,

Two Exanples of Computer Based Learnlng




To glve,some‘xeallty to the notfon of using the computer in

/ .
" education, I/ discuss In this gectlon two examples developed at

I .
the Educational Technology Center, described elsewhere In detall,

1, Introductory Phyeics Quarter

About seven years ago we developed the mechanics part of an
introductory physlcs coutse, based on pighly interactive,
geaphic, on-line tests, This course has been used about five
tines, with 2,000 students, aﬁh Inproved. e are now discussing
moving & subset of these tests to personal corputers for
marketing, ' |

Thg'pedaqogical structure of the course is Llke a Keller
plan, Personalized System of Instruction, or mastery course. The
subject matter s divided {nto units; students stay with a given
unit until they perform almost perfectly on tests associated with
that unit. Tf a student shows weaknesses on a test, Further -
study 1s required. Eventually the student takes another teat
verslon covering the same learning objectlves.

Tests are qivep on-line at the computer, In the typical
presentation 400 students chose one of the two computer torms,
which differ In content. About 150 students chose » standard,
nonconputer varlant of the course, The 400 students who choose
computer vergjons take nb0ut115,000 on-line exams In ten weeks,
with the computer generatinq‘each'exam uniquely, offering |
lanediate and very detailed feedback and help to students and
doing all the record keeplng, Because of the highly relevent
atﬁdent asslstance, studenta agreed almost unamlmously that the
Aquizzes are the main learning material In the course. So we

=) -

describe this course as guiz-baged.
khile this 18 a physice coutse, the technique of structuring
8 conputer based coutse around the quizzes with little additional

expository materlal is extremely promieing for the future.

2, Sclentific theracy

The second set of units were designed several years aﬁo,u
when the Edudékional Technology £iret employed personal
conputers, * These compute} based learning dlalogs are about one
and a half to two hours!}ong for a typical user,

Although the units ace in the context of science or

‘mathematics, their maln objectlve is not to teach the subject

matter but rather to bring a wide audience to a broad but deep
understanding of the nature of scientiflc activity. Such lssues
28 what constitutes a theory In science and how theorles are
dlscovered are thevﬁqln,gontgntrlaqqed, though not dlscussed
explicitly,

The progeans are divided Into modules, typically eight, each
about fifteen minutes long, Students can enter any module and
thug do not need to finlsh at a slngle session. Students as
young a8 ten years old 28 well as university students and adult
learners have used many of thg progims successfully. Indeea, We
know of no other way of t:achlng these difficult {saues ¢hat
potentially may be as successtul, FPull summative evaluation
based on the objectives hag yet to be garrled out.

Repeated extenslve Formative evaluations have led to
{mproving }he unlts, These took p;nce In schools with children
about twelﬁ? years old through university environments ;nd In

“{-



~pidlle 1lbrarles.

In the publle 1ibracy a conputer message fnvites anyone?to
use It. No one helps students with elther the computer or
subject astter, The materlals ars self-contalned, a complets
learning ;xperlenca on the conputer, Testing In Ubeaclen hog
many advantages, {vcluding notlng Elacel vhete the mateclals are

notIvationally veak und In need of Improvement,

These elanpleu do not exhauat the vays computerl can ald
learnlnq. rhey ghow contraatlnq mainline insteuction where the
‘touputer plays a very Important role, Other exanples, from the
4

Bducatlonal Technology Canter and from other groupe lllhatrate
"othet Nodes, ‘
Hhy_the Con tet%ln Learpln h
Wby 19 {t that the computet is destined to by such an
Inpretant tactor ln human lenrnlng at A1 levels vith all-types
of people? Fundamentally the uajor factor {g Intetactlon. The
 act that the computer can make learnlng an. gctive as oppo»ed to

& passlve process {mplien other {mportant consequences,

What does the leatner do during the leatnlng process? The

mode] of learning tmpliclt In present school-based educatlon ls

mumWMImmmummwwmmmm

by books, and the Learner 14 o pasalve absotber of that
Information, a spectator, Leaning must be actlve If ideas,

Wethods, concepts are to be [nternallied, 1o be usetul to the

Individual, lesrning must fnvolve some activity on the part of

-5

the learner, A leurner. or ansll group,of learners, working with
"8 human tutor. can malntaln sugh actlvity, But most of our

‘ current’ leurnlnq 8ltuatlons, where many people need to leatn and

Uinited funds support learnlnq'lnutltutlons, ate passive,
The computer allows us to Move avay Erom epectator learning
it (easonahle‘tqst and to retutn to Inteact!ve learning for

tveryone. This s not to say that the conputer competes well

wlth an extrenely good tutor. Ne can, with computera, becoms

rore interactive than ls‘ﬁsuallz posalble.

Once we accept that the computer can make learning
Interactive, sven wlth large numbers of atudents, ve see sone

consequences, As the computer can query the student, Erequently

'umMmmmWMMMWWMNWMMM

modules can be adapted to d1fEerent backgrounds, without any

«conaclous reallzatlon on the part of students. We can L1l In

mmemmMmMMnmm.mumMMMM
nev, 1qeas, the progtan can check uslng {nternal quizzes to gea |t
tMummemmbxrt,mpmmmmem
teviewed or new approaches to that uaterfal can be offered to the
student, Thus, leatning ean becone. highty Indlvidualizes,

ditteting for each student In terns of the leatning mater [aln and

the tll@t ! ' "

I

Anather coﬁuequeﬁée of Interaction (s that ve can deternine
the levol of Intecest of the stigent, Whife this 1s nore

dittleult to do, 1t ln possible In an Interactive environment,

- Moterlal that Ls weak In Interest can be changed, lollu#lng 8

dlflerentﬁippronch.



Because of Interaction we have very powerful mechanisms for
Inproving the materlal. We can save student respongess these
responses glve ug extfemely detalled views of what {s happening
with students moment by moment,

Although the computer gllg!g/thln highly {nteractive

- approach, with various benetlts following, not all computer based
learning material ls Interactive, We nead to develop standards
for judging the quality of interaction. Often beglnning ugers,
both students and thelr teachers, are satisfled with vezy weak
forms of Intecactlon, because It {a such an Improvement over
noninteractive iearnlng media, Thus, many of the videodlsc plus
conputer nodules produced so far, often by video people, are
extrenely veak with regard to {nteraction.

The Puture of Education

In this section I briefly dlscuss four important fssues
concernlng the future of education, as affected by computers,

1, Hlidespread Puture Use of Computers in Rducatlon

It seens almost certaln that the computer will be used very
widely fn education, not only In focnal achools--primary and
 Secondary and univecslty--but also In tealning and in adult
MAedhcatlon. Two fasues assure thisi (1) The effectiveness of the

computer In education and (2) the econonlcs of computera Ip

educatlon, The effectivenees follows primarily Erom Interaction -

and {ndlvidualization. Thé economic {Beues ace even more
obvious. Computers, particularly personal computers, are
declining rapldly fn cost, Futthermore, many companles,

publlaheré; conputer vendors, and new companles are moving tovard

-1

developing and marketing computer bLaged learning mater{al. while
much confuslon exlsts in dlrectlon, the total commercial funding
In this activity Je slzable and growing, These compan]es
recognize that a large market yill develop, even though at
present they are very uncertaln about the nature of the macket
and uncertaln of thelr role. I refer to theae two l3sues n§ the
"good and bad" reasons for the widespread use of conputers In

educatlon.,

0. The Puture of Bducation W{)] Not Neceaaarlly Be Desirable

It ohould be made clear that at this time {t la not clear
whether the computer will lead to a better or worse educational
aysten than we have today. Like any power ful new technology,
conputers can be used In either desirable or undesirable ways,

Presently, the very poor computer baged learnlég materlal
available ls setting a very low standard, If teachers,
adninistrators, and parents continue to accept this low standard,
It may become the standard, So e may ‘move toward a Euture with

very poor ways of using the computer in education, waye which

lead to undesirable learning.

3. The Key to a Good Educatlonal Puture s an Bffective
Productlon Systen - -

The questions og how and where materlals will be produced ls
critical in deternining whether computers yill gld or retard
education. 1f we produce computer based learning mater]al with
care, the same care which has gone Into major curciculum projects
such aa those at The Open Unlversity or the najor efforts In the
Unlted States In the 60's and early 70's, then we can expect the
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computer to lead to a batter educational systen. Mowever, If we
tontinue with the current cottage industry structure, with
teachers producing 11ttle odds and ends of material with llttle

coherence and 1ttle classtoom testing; then we wlll be In '
‘ difEleulty. The next Elve to ten years ara the crltlcal petlod,
{ Inatlﬁhtlonal Change W11 Be a Celtlea; Part of the Future
of the Computer in Educatlon

Glven the major-changes which will occur In education, we

cannot expset our educational Institutlons to 8.8y the same,

ools and unlversities will change thelr nature In vays which
are not entlrely predictable at present, Nuch of the pressure
tor these changes will not come from withing educatlonai
natitutlons are conservative and do not change drastically
vlthout strong external pressites, Including monetary ones.
These presaures wlll'becpme stronger, and so we gjg expect
Ingtitutions to change, Dlntanée learning activities will
Increase In Importance, even In ihe elementary and secondary
schools. Mastery or ceiterion reference modes v[ll become more

common. The time to move through educational !natitutions will

qﬁgggg and will be more vatled than at present. There will be

many other changes. T am predicating that the Eyture of

education Lo a desirable one, The changes for an undesirable

future are frightening,

The only way we can move toward better educational ByBtens

Io by stforts of all of us, The time Eor thix effort {s now.
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Once upon a time ....

there was a marvelous invention, almost comparablelto the gift of
fire to humankind, except that it was the product of people's
minds. It was a revolutionary invention, changing profoundly
many aspects of human life. Eventually it made possibie a new
way to learn, a way which quickly supercedea earlier ways.

This marvelous new invention was not created for purposes of

educatlon, so at f1rst teachers 1gnored it completely

Nevertheless teachers around the world heard of the 1nvent10n,
and the imaginative ones soon recognized this marvelous
invention's great potential for education, and they wanted very
much to use it with their students, eager to benefit from the
excting new technology.. But for many years such teachers were
frustrated perhaps because ameng the great invention's many
purposes education was of low priority.

The most innovative teachers, brave souls that they were,
found it possible to buy the new device, and they set about
trying to use it. These teachers produced some materials for
their own students, and shared a limited number of these

materials with others, even though their products were only

amateur efforts. After all, they were primarily teachers,
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/ specialists 1n education; they were not at ease with this new and

!
i
i

esoteric technology. Yet they wete brave pioneers doing their
best to use the magnificent invention to aid learning.

As the new invention became better established, there arose
a group of specialists particularly talented in using the new
invention. 'A few of these specialists were'also interested_inf
education, se they too thought about the invention's role in
learning. They proposed a few products, but their efforts were
only minimally usefel. These specialists understood little about
teaching and learning, even though they were experts at the
wonderful invention.

Most'teachers still avoided producing educational material
by means of the invention. Some wereAscornful, saying that the

new technical development had nothing to do with education. This

was not surprising, censidering that teachers number many
conservatives among their groué who tend to believe that their
long standingtechniques must be the best. Furthermore, teachers
recognized that some of the early products of the new invention
were of poor quality.

Many years elapsed, with occasional educational experiments
by teachers or specialists.” Occasionally a bold experiment
produced a better educational product, but most products were not
very useful for students. The potential of the marvelous
invention remained unimplemented‘for education. -

Then a few people began to see a better way to proceed. The

notion evolved that several persons could collaborate in

developing educational products based upon the marvelous new

ERIC 144




i — -

invention. Teachers could use their special skills to aid the
learning process, and technological Specialists could devote

themselves to the production. So. a production system emerged

combining the talents- of both types of experts. Gradually they
recognized others who could signﬁicantly cdntributé to these
educational matérials. Artists ;rovided pictures and other
elements of design. | \ :

As they-p;bduced more educational products qsing the
ﬁarvelous invention, the world began to accépt the idea that
these new learning materials could be important in_éducation.
Compéniés sprang up, aware thaf the public would buy this new
producf'pecause of its aid to eddiltion.

The market grew slowly. But eventually the educational

products based on the wonderful invention appeared everywhere.

They led to a ;evolutionary new stage of educatiqn, new ways for

people to learn.
The marvelous invention was
the printing press.

Or was it the computer?
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COMPUTER ASSISTED"LEARNING--THE AGE OF RE_ASO.N
Alfred Bork o | “ |
Educational Technology Center
-University of California
Irvine, California 92717 . S >
August 15, 1983 o o
" The newer uses of the computer in education have fully
deﬁonstrated that the computer is an extremely pbw;:ful.learning
device, one that has potentials Ear beyond those'ayéilable in
cutrent modes of learning!,such as lectureé'and textbook. The
major advantages of ;hé“cdﬁputer,’lts interactive capabilities,
éreating an activellearning experience for everybody, and éhg
ability, because of interaction, Eq-lndividua;ize the learning
experiénce to eéch learner, even with Ygry large numbgrs of
1earneré;za:e now understood. We also ;re beginniqgrto
rf--\mcl'e-r‘:~;t:an;c’!__.t.h;'a.Agy:oce‘ss,fm:_,d,esze,lg:;.?,ingwcz_@o_lllpL!j;_ew!-‘Jg.c';!_ts_e_‘si_w,lg,!%._il_.l;_l_l.1':,!1‘.1,ww
m#terial, the set of steps which will lead from the”e?rliest
ideas to finished tested matérial, either for schools,i '
universities, for adult gdgcatibn, or for training.
However, knowipé how to do these things, knowing the . -
capabilitiés, is a far cry from insuring:that'tpey will really
‘happen. The computer, like aﬁf other'piéce o§ technblogY: does
not inherently contain within itself éhe reasonable ways to use
it. In fact, all teéhnologies can be used poorl& or they can‘be
used well. Most of the learning sequences on computers thaF are
being produced now, at all levels, are poor, not at all
reflecting the full capabilities of the computer.

Hence, the issue of whether the computer will improve
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education training is still to be decided. The computer can lead
to a wcrse educational and training system than we now have. ‘“'he
problem is world“wide, demanding cooperation among all countries
if we are to move toward highly desirable educational futures.
The transition to computer based learning systems is already upon
us and can be expected to accelerate rapidly. i1n addition to the
economic benerfits resulting“In schools and training‘institutions
with the use of the computer, more and more apparent as the
computer drops raprdly in cost, there are also powerful
commercial reasons involved, large companies that see the
computer already as an important market. The use of computers in
education is no longer an academic issue, one that cen be debated
in learne¢ meetings; rather it is a practical issue we must
--address with all speed. . | |
This paper is structured in three sections. 1In the first
section I consider some existing examples of computer based
learning material. While these are described only briefly in
this paper, in the talk they will be 111ustrated in more deta11
It is d1ff1cult to write about computer based learning. In fact,
the best p0551b111ty is for the readers to work with programs
such as the‘ones described here. 1In the second section I
consider the strategies for producing computer based learning
material that have been developed at the Educational Technology
Center. 1In the third sectiocn I consider some of.the future
possibilities with regard to computers in education and training.
In all these sections} the discussion will of necessity be brief,
far less-than is deserved by these important topics, considering

2
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that the future of education is the issue that we face..

EXAMPLES

I mention several exanples'ci material that has been

developed at the Universityiof California, Irv1ne, in the

i’
|

Educational Technology Center._ These examples illustrate quickly
some of the range of currert possibilities. o

The first example'is beginning quarter of'an introductory
physics course. This course, in its combuter form (students beve
a choice ofva.non—computer version also) consists of about 15
on-iine quizzes. Quizzes are used in a mastery mode. a student
must perform essentially perfectly on a given quiz or take

another version of that qu1z over again. : The student who takes a

quiz -4 times and does not succeed, must see the teacher for

‘individualized help before proceeding.
!

The learning material is built into the quizzes. For most

students, this is all the learning material,required for the
course. The quizzes can often determine exactly what probiems
the student has. We like to refer to a course of this" k1nd as a
quiz-based course because, unlike the .standard course, it puts
the focus of the course on quizzes rather than on didaetlc
learning material.

Attention is also given to building up students intuitibn .
with a "controllable world," allowing the students to "play® with
mechanical phenomena with workbook sections that discuss éxaetiy
what should be done.

We give approximately 15,000 quizzes during ten weeks. A
student spends an average of about 2 1/2 hours a week on *he

3
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"computer. About 400 students take the computet based course. I

should also ind1cate that there are really two&computer based
cour ses with quite different quizzes; the.stude‘t is offered a
choice of content as well as other learner conthl factors.

As a second example, I mention a set of materxals vhich were

developed to aid students in understand1ng tke nature of science.

These materials, developed more recently for personal computers,

| address important issues of the essence of scientific theories,

working w1th a wide variety of students from eleven years through
sixty years, in a variety of situations. They have been w1dely
tested, notwvonly in schools, buE_also in public libraries and

science museums. A typical unit in this case lasts about 90 to

- 120 minutes. The strategy is to put:students in a position where

they must behave like a scientist,

A thirzd project I will mention, just in its early stages}
concerns the question of teacher breparation. As computers
appear more and more rapidly in schools, massive problems develop
with regard to how the teachers are to use these new devices.

The traditional methods of teacher training are inadequate to the
problem, given the numbers of teachers and thehspeedlnecessary.
Few teachers in ahy part of the world are-c1ose to centers that
can'give adequate aid. We believe that the only way to tackle
this problem is through the use of the computer itself. We have
developed several modules and are seeking fundlng for others.

Our hope eventually is to produce a full-scale set of materials
for teachers covering all aspects of the computer in education,
modulej,that can be used by all teachers anywhcte the problem is
4
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very urgent.
A PRODUCTION SYSTEM

In thi; system I describe a system for producing computer
based learning material. This system is aimed at producing high
quality material, at a time when sizable amounts of material must
be produceé, a few years from now. The production system draws
upon the experiences of other sizable curriculum development.
efforts in recent years, involving a wide variety of other media.
Thus, the strategies used are, in many ways, similar in overall
form to those at The Open University in England, the world's
foremost developers of university level curriculum material. I
will briefly describe a number of stages. Again, details cannot
be presented in such a brxef time.

Stage 1l--In any project the initial stage is the decision to
produce the material which usualli involves securing the funding

also.

Stage 2--There must be an overall design of the project,
describing in some detall each of the modules to be produced.
One way of develop1ng thls overa11 de51gn is through a meetlng of
national, or international, experts\in the area, including
teachers with practical\bxperience. Tﬁis group, through:
brainstorming and oﬁher ‘echniéues, is asked to come up with the*-\

. v
descriptors, perhaps a page or so of each of the units to be

1

produced. ‘ |

\
|

'Stage 3--The overall de51gn can now be reviewed and perhaps
modified, based on these reviews.
Stage 4--Detailed pedagogical design follows. Each of the
5
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units of the course needs.to be fully specifie@. The result of
this stage is a.scrigt,-something like the ménuscript of a book,
a storybook and shooting sriipt of a film, or other descriptions
of this kind. All the pedagogical details, including the |
complete analysis of student responses, must be given. The
computer has its owﬁ form of script, different than a film or
book.

Stage 5-;The script gan also then be reviewed by a variefy
cf experts, and changes can be made.

Stage 6--An important issue in computer basedflearning is
the way information is displayed on the screen, the design of the
screen. The computer is not a book offering different kinds of |
controls in space and time, as to how material is on the Screen.
Some of these are controliable_by the user, others by the .
'programmeré. A éompetent graphic designer is needed to establish
the design. \

Stage 7---The screen désign can now be reviewed and possibly °

improved.

Stage 8--Before coding takes place in a modqrn sof tware
engineering environment, it should be designed. X\gariety of
strategies are available for doing this. Design of th code is

N,

much more likely to produce a code which will be easy t6*mpdify,
maintain, and transport. _ .
Stage.9--The code design can then be reviewed.
- Stage 10--At this stage coding can now take place. Note |
that many stages have preceeded coaing. Inadequate structures
. for developing computer based learning material often put the
6
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coding process much too early.

Stage 11--The code itself can now be reveiwed, to see that
it actually satisfies the standards of good, modern coding.
Again, this is important if the material is to be modified in
later stages.

Stage 12--Next the actual running of the program can be
reviewed internally in the‘project. At this stage we find that
if the program does what it is supposed to do. Many changes are
suggested; the program is now viewable on the screen, and some of
the ideas which seemed reasonable on paper do not seem desirable
in the running material.

Stage 13--We can now conduct a series of formative
evaluations, perhaps with increasing numbers of students, and
revisions followingieach of these formative evaluation stages.
This is one of the most iméortant stages in the process. For the
first time, the actual students are‘uéing the material. One of
the advahtages of computeribased 1eérning'materia1‘is that we can
gather very detailed information about how students are behaving,
and we can ﬁse this information for éignificant improvements in
the performance of the learning material.

Stage 14--Finally we might conduct, if funds allow, a
full-scale summative evaluation of the material. But we seldom
have adequate funds for a full-scale summative evaluation. 1If
such an evaluation is conducted, it is‘probably best to deo it
some years after the materials are in usé} so that minor bugs of

~usagé can be removed and do not interfere with the major issue of

the evaluation.
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I stress that I do not believe that some of the “short cuts"”
that have been suggested, strategies which try to shorten this
process, are'adequate. The process just described will be seen

‘to'be,ias already noted, similar to good strategies for
curriculum development in other media, toc. In pa;ticular» I

strongly recommend again the use of authoring languages and

systems. While this practice is widéspread, and new systems of
this kind continue to be developed all over the world, the study
of the products of such systems, as compared to material that is
produced without aufhcring Systems, suggest that these systems
seldom lead to first rate material. A group thaﬁ starts out to
develop a new authoring capability always “knows" that there was
gsomething wrong with piévious ones but feels that they will be
able to correct the prqbiems.‘ The difficulty lies not with a
particular authoring language or s}stem. but with the whole
notion.
FUTURRB

The massive chanées.iﬁ our educational systems, implied by
the computer,_in 211 levels and in all éypes 6f educational
institﬁtions, cannot happen smoothly. Particularly, it seems
unlikely that there will be any careful planning. What is more
likély to happen is.thatjvarious types of tradit;onal schools and
institutions wiil try to preserve their present sfrategies,
always fighting réar guard actions to maintain eﬁséntially the
status quo, hoping that the computer will make only minor changes
and additibns.té‘the{: prograﬁ. As it becomes more and more |

'-obdious that the changes will- be major ahd that the entire

8 -
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Structure of institutions must be‘changed,.it is likely that the
situation wjll becone more and more difficult.l

Many questjons are raised. Ope question is that of the
arena for education, At the university tevel, the Success of
learning at 5 distance institutions has already shown that goog
reasons exist for moving some, or all, of traditionai University

education to “he home, or to the home Plus public environments

The computer does not demang that it be useg in any
-partieular physical location. It can be used in any home or ip
any other establishment, So the Possibilitjes for learning
~ become very much enlarged. If systenms such @s voucher systems
come into widespreag nsage, and commercial vendors enter the
Primary ang Secondary markets, thep this will also change the
nEture of education, |

Another interesting feature to consider is how the shape of

courses will change. Not only will there be more Computer usage,

each student Proceeding at ; Pace natural to that student, will
become mych More common. The lockstep education of today which
aSsumes that eéverybody must be at the Same place at the same
time, true not only in countries with centralizeg educationa]
Systems but algo effectively true ip countriee with decentralized

Systems, is likely to change.




clear that as the'computer becomes more and mere a part of our
society with powerful enabling tools playing a major role, the
content of courses will change. Does anyone still need to learn
to differentiate and integrate, for example, if it is all to be
done in the future via coinputer? As the computer is becoming
more and more powerful as a learning device, new and more
powerful computer tools will be created which will transform the
need for various types of learning. So course content will
change almost as rapidly as course form during this perioé of
time.

A third factor will be the question of what happens to
institﬁtions.v We have already indicated that thoy Qill of

necessity change, even though they are likely to resist change.

It is easy to take on the form of the new educational strategy

but harder to deal with the substance. For example, those
colleges which are currently moving to having large numbers of
computers available on campus have so far given reiatively’little
thought to the issue of how curriculum will be affected. Indeed,
there seems to be an assumption that "our faculty will do it."
Yet, frankly, faculty in the United States and many other parts
of the world, have almo;t no‘experience in curriculum
development. They were not picked as faculty because of that
experience, and it seems unlikely that they will be able to make
major chénées in their courses by themselves.

The next issue then, naturally suggested by the previous
one, is where all the new learning mater1al is 901ng to come
from, who will pay for it, by what process will it be

10 "
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developed-~the process shown here or by some other process. Will
the actual production be under contrnl of commercial forces or
.will the educational establishment, or some parts of governments,
have at least some séy in the matter? We almost lost the
possibility of using the video technology in any useful way in
education because of the commercial pressures. It .is not clear
what is going to happen in this situation at the present time,
but the stakes are large. The period ahead will be, for all of
us, a very interesting time, and the future of education depends

on what happens,

11



FAMILIES, COMPUTERS, LEARNING

Alfred Bork
Educational Technology Center
University of California
Irvine; California 92717
(714) 856-7403/6945
November 21, 1983

The Educational Technology Center is a research and Jlevelopment group
concerned with computer based learning at the University of California, on
the Irvine campus. Several years ago, we received a grant from the Fund
for the Tmprovement for Post-Secondary Education, within the Department of
Education, to develop science literacy units for a very wide-general
audience. 'One of the tenets of the project was that the material should
be usable in public libraries. We had looked for funding for computer
based learning material. to use in public libraries for several years, and
finally we were successful. We developed about a dozen hours of material
for this environment and ; similar amount of material on another project
which also was tested in publicllibraries, as well as in schools. I will not
describe the nature of either of these two projects, amply described in
literature available from the Educational Technology Center.L

A number of interesting features were found in our use of computers in
libraries. Unlike some uses in libraries, we were not providing computers
for kids to play gamés or for people to learn to program: Réther, ve
were providing highly interactive computer based learning material. Because
the material was in the libraries, it had to run completely stand-alone with
no teachers or others to help, either with computef or subject matter details.

Furthermore, the material had to be self-motivating, holding the interest

of the student, since library visitors leave if they lose interest. ‘ .
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One feature that we noted in libraries, which we found unexpectedly,
was that we often had families working together on running the material. We
saw many examples, but we did not count the number of such family examples.
A typical arrangement might involve a mother, a father, and two children.
Sometimes the children were even too young to read; the older children or the
parents would patiently ready to them, and then there would be a discussion
about how to reply. One of the iiterate:members would type in the reply.
We saw far more of this than we expected; we were not encouraging it in any way
that we were aware of.

When I obtserved families working together at the displays, it was clear
that a joint learﬁing activity was going on. Ail the people involved were
learning someghing, and part of this learning was coming through the interaction
of family‘members with each other, stimulated and motivated by the interaction
with the computer. Thus, we scemed to be promoting a type of family ''togetherness,”
unexpected for us.

Parents do traditionally help their children with school work. When the
children have trouble with homework, they will, at least in some families, appeal

to the parents. But this interaction is often unsatisfactory. The learning

activity is often, at least in pretense, one that involves only the kids. The

parents often try to maintain the attitude that they "know," because of their

ows school days.

e

Projeocts which have explicityly presented kids with material that their
parents didn't know have often run into parental opposition. The most interesting
example of this kind was with the new mathématicél Few parents had any experience fv
with such topics as different number systems, and the more rational explanations
of long division. Schools quickly'realized this, and so some classes were run
to acquaint parents with the new mathematics. But these were only partially

successful. I would not claim that the unfamiliarity'of parents with the new
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math is the only reason that they new mathematics had such difficulty in the
American school systems, but it probably played some role. 1In any case, homework
is seldom viewed as a joint learning activity by both parents and the children.

Yet in our society we hear much discussion of life-long learning. Educators
argue that knowledgable adults must continue to learn all their lives. Adults
do engage in a variety of learning activities, everything from formal courses,
such as in a community college, to visits to\the pﬁblic library to obtain books
in a particular area to learn something about that discipline. As society has
changed more rapidly, the need for continuing education has ‘become more and
more pressing.

I do not know why we saw so many exampleslof the family iearning togetthH““”
with our materials in the public library. The materials did address a very wide
age group, because they were intended to be neot only for children but also for
adult education. The subject which they dealth with, the nature of scientific
activity, is one that is seldom understood by people of any age in our society,
even though the society‘is scientifically and technologically based.

It is perhaps dangerous to draw conclusions from the few weeks in public
library that we observed. 1t could be that our family usage was soﬁething-of!a
statistical oddity. But I think rather, that we may have a clue to a new
educational process for the future. As the'Eomputer is used more in our society,
and as it becomes more accessible in environments in which the family can work
together in learning, we may see more learning together activities in the family.
life.

A number of factors are necessary if this is to happen. First, sophisticated
learning compﬁters must become widely available to the general public, no; onlyf.

in such areas as public libraries, but perhaps even more important, within the

home. Today's home computers aré generally too weak to allow the types of
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learning that are likely to be important.

The second ingredient necessary is the development of effective curriculum
material, learning units which employ the full interactive and individualized
capabilities of the computer. If these are to be widely used by both the
parent‘and the students, the formagive evaluation process must work with both
types of audiences, inczluding family audiences. Pubiic library environments
provide a very useful way of doing that, based on our past experiences. The
subject matter of these programs must be serious. That is, if the material
"plays down'" to young children, it probably will not be that exciting to parents.
We can write learning material that does appeal effectively to both age levels,
at least in a Qgry wide variety of subject areas. But this will happen only

if we have much more serious efforts at curriculum development than we presently

have.

A third implication is that, as our educational systems change under the
impact of computing, more and more of education, ét leést education concerned
with knowledge based learning, will take place in the home rather than in the
schoolhbr un.versity environment as it does todéy} I do not wish to imply that
schools will cease to exist eﬁtirely.. Althougb‘ﬁhét is a possibility, I do not

regard it as likely. Rather, certain components of education will migrate to

the homes and other components to stay in the school. One exémple night hqye the

kind of split that is seen 'in George Leonard's Education and Ecstasy, knowle&ge

based component and socialization components. If we view Leonard's knowldege
" based activities in terms of today's and tomorrow's personal computers, it seems
clear that much of it could take place in the home if adequate materials were

. \ . . }
available. ' ‘ .

Finally, I point out that there may be a number of interesting sociological

consequences of families }earningntpgeﬁber igwadd;;iqn ;o‘thergbviogs learning

-
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-benefits on both sides. Parents will be able to exert a greater degree of
control over their chilé's leaining environment. I do not, frankly, know how
desirable this will be. It could lead fo social problems, or it could lead to
a very interesting, pleasant, new form'of society. .
1 emphasize that the evolution toward famiiies learning together with
computers iz likely to be one that will take considerable time. It will not

happen tomorrow. But it does present very interesting possibilities for the

future of education.




Using Computeré in Training - Getting Started
A-5

Alfred Bork

Educational Technology Center
University of California
Irvine, California 92717
(714) 856-7452

December 1, 1983

One aspect of the %merlcan educational system which has
increased greatiy in recent 'years, and shows signs of growing
even 1arger, is industrial training. These activities include
internal training of engineers and-other personnel and customer
training conducted by fhe company. In large corporaiions these
training activities can be very extensive, often‘covering many
areas common to schobi; and univg{sities.

It is interesting to speculate why industrial training
continues to grow at a time when other,types of educational
institut&ons in our society, such as schools and universities,
are static or diminishing. One factor in this growth is a
general unrest abbut the products of ourvéducational system,
found in many places; a strong feeling exists that if companies
are to survive and flourish, they must do more training of their -
own personnel.

If a.company has products specific to that company and
various people need to use and méintain/those products,:those
Jeople must be trained. In other cases’incréasing training
actjvity represents underlying unhappiness with traditional
“ education. Many companies; expliéitly'or implicitly, hare simply

";7iven up"™ on the traditional educational system to a startling®
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degree. This+*situation has become common, reflecting the
widespreéd distsrust of our educational system.

The reasons for this increase in training are not the major

~ concern of this paper. Rather, I wish to examine the decisions

involved in beginning to use computer based methods within

training activities. Relatively'liftle'computer‘based material
is currently used in training, particulériy if one excepts a few
large companies that have pioneered this area. Most industiral
training is based on books and lectures, as with traditionai
educatibn. The potential for computer based training is great;
and almost every sizable indusErial_training activity is now ‘
investigating the possibilities of the computer'in learning.

The computer is a powerful device in ény type of learniny,
either in training or in more traditional educatidhal activities.
Good computer based learning material has‘distinct advantages
over other ways of delivering education. Hence, we find a
growing realization that computer based learning will play an
important part, perhaps even a dominent part, in the training
systems of the future. This paper will not attempt to review the
considerable ad&antages of the computer but will assume that
interest in computer usage already exists. It raises the
question of how to begin, not the questioh whether one should
begin at all. \

The Scale of the Beginning Project

The first decision that must be reached, if one is to

develop training material using the computer, is the scale of the

‘initial project. That is, how large a computer based project is
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céntemplated.

The project shouid not be too large because that would
invqlvé great costs/ in an uncertain‘direction for the compahy.'
Many factors gssociated with compuﬁer based learning can only be
determined after some expefience. Hence, a projéét which starﬁs
out with the notion éf moving all trainiﬁg immediately to the:
‘computer is not realfstic.v | | /

On the other hand, a project can b# too small to field}any
éffective information about the use of/é learning mode. Thﬁs a
small segment of a course is likely tq/be of little use in
uhderstanding the co@puﬁér and its application in a particular
training environment: A‘reasonable.piace to start is with a
whole course, probably a brief course.

 Picking a course already in exi stence is one poss1b1l1ty.
Another possibility, perhéps better, given developmental time, i
would be to develop Eraining materipl related to a new course, :
perhaps training in use or maintenance of a product which is
currently under deve;opment and notlyet released. 1If a
”convengional” coursé already exiéts the new computer based'
course has a standard.of comparisén, .However, anyone who takes
this direction should understand that comparing two courses with
different instructional materials is a ?ifficult and expensive

\

activi%y, often beybnd the resources of ‘any expect very large

concerns. ' ‘ \

\

FACTORS IN CHOOSING A }ILorr COURSE

The initial pro*act, the beginning p110t course, must
consider several factors. First, the grou§\1s de®eloping
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experience\ebout how computers can be effectively used within the
training group, a major reason for developing the course.

Second, this p;,ject will be important to conVince management
they should proceed further with the development of training
-~---materials involving the computer. IAs all good ccmputer learning
materials are likely to be expensive, having a clear mandate from

management is important.
A number of considerations should be kept in mind in
choosing the pilot course. I describe each briefly. Not all

will be applicable in each situation.

1. The Course is Given in Many Locatiogs. One of the
advantages of computer based lqgrning material is that, because
of small personal computers, it can be offered almost anywhere
electricity is available. Hence, we do not néed to bring people
to a central location, often at considerable expense. Many
companies have centralized their learning activities, building
large learning c:nters in a few places. But often the curriculum
materials should be available in field offices and sometimes at
the customer's site. Computer based material lends itself very
well to such possibilities, so this factor is important when
using the computer in learning.

2. An Interactive Learning Experience i:s Highly Desirable.

This factor is critical in computer based learning material. No
other mode of learning, available to many people, provides a
level of interactivity possible with good computer bésed learning
material, except human instructors working with very small

groups.
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In computer based learning material students frequently can
be queried to see what they know and appropriate action takén,
Indeed, students can answer a question perhaps once every 15 to
20 seconds in good material. The experience is very different
for the majority of students from listening to someone talk or
reading a book. While a few very good learners can create aétive
experiences out of these situations, most learnérs cannot. The
computer brings interactive learning to almost everyone, but only
if the course is designgd to take this into a« -ount.

3. Individualization is Important. In many situations

students already know some material. For efficient learning,
students should be able to work on what they do not know and be
able to bypass quickly material they do know. 1In an interactive
énvironment, such as that provided by the computer, we can
determine, by built-in quiz segments, at each stage exactly what
the learner knows and just what additional help the learner
needs. So the program can be highly individualized, tailored to
the needs of a parficular learner. This is clearly very
important when learners come from many backgrounds and is also
important when taking into account the rate at which different
students learn.

4. It is Desirable to Save Time. 1In typidal training

situations students who are employees of the company are removed
from usual routines to undergo the training activity. This means
they are not functioning as productive individuals within the
company. Hence, the sooner the training is completed, the
quicker they can get back to a productive job. 1In a sense, in
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most industrial training, the time spent in training represents
money to the company, so briefer time corresponds éo less cost.to
the company.

Because.of the possibilities of individualization the
computer often cuts down on the‘amount of time needed fbr .
training a particular student. Students can proceed at their own
pace, and experimehtation indicates theré is often a gain'of
about 25% ih saving of student's time. This suggests an
important factor in choosing the prototype course would be to

pick a course where the time uf the participants is very valuable

to the company. If tt can be shown that these valuaSle students
are spending considerably less time with the computer based
material than with some other approach, a strong economic
argument is made for the computer material.

5. Expensive Equipment is Involved. Another factor

suégesting a particular prototype course is one learning to usé
the expensive equipment. Thus, the course might consist of
training people to use an expensive graﬁhics output device. The
more work time required for students to use the actual equipment,
the more expensive the course.

Often it is possible to simulate on personal computers some
or all of the components of the equipment. If this can be done
on relatively inexpensive computers, the need for learners to tie

up erpensive equipment for lengthy times can be lessened greatly.
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